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full  illiistr&tion,  and  by  a  presentation  of  the  truth  unooroplioated  with 
speonlations  and  hypotheses.  And  these  points  are  so  introdaoed,  that 
the  mind  is  prepared  by  the  prerious  investigation  to  understand  them. 
I  haye  aimed  so  to  arrange  the  topics,  as  to  have  a  preparation  constantly 
going  on  in  the  mind  of  the  student,  fitting  him  for  the  proper  under- 
standing of  what  is  to  come  after.  By  ihis  natoral  gradation  in  the  de- 
Telopment  of  the  whole  subject  some  of  the  deep  things  in  Physiology 
oan  be  made  clear,  which  it  would  otherwise  be  impossible  for  the  student 
to  understand.  It  is  proper  to  state  here,  that  I  intend  to  prepare  a  work 
for  younger  scholars,  hi  which  some  of  the  simple  points  in  Physiology 
wfl]  be  ilhistnited.  '  This,  by  iSuniliarizing  fStktit  minds  with  the  subject, 
will  fit  them  for  a  more  thorough  understanding  of  the  present  work. 

Although  Physiology  is  becoming  a  prominent  study  in  the  schools  and 
eoUeges  in  some  psirts  of  our  country,  its  importance  is  no  where  as  yet 
appreciated  as  it  should  be.  It  should  be  made  a  regular  branch  in  our 
Sdnoational  System.  This  has  been  already  done  in  Franoe.  ^  A  com- 
petent knowledge,"  says  Carpenter,  ^  of  Animal  Physiology  and  Zoology 
is  there  required  firom  every  candidate  for  University  h<niors ;  and  men 
of  the  highest  scientific  reputation  do  not  think  it  beneath  them  to  write 
elementary  books,  for  the  instruction  of  the  beginner." 

The  importanoe  of  Physiology  as  a  study,  will  appear  fix>m  various  con- 
aiderationi. 

liCany  of  the  subjects  comprised  in  Physiology  have,  in  the  case  of 
most  students,  been  already  studied  in  a  different  phaee,  or  mode,  in  other 
branches.  Thus,  if  the  student  has  attended  to  the  Mechanical  Powers 
in  his  Natural  Philosophy,  he  finds  in  the  human  body  the  principles  of 
the  pulley  and  the  lever  illustrated  in  great  variety  and  perfection.  The 
principles  in  relation  to  strength  in  the  form  and  arrangement  of  struc- 
ture he  sees  exemplified  in  the  fhmM-work  of  the  body  in  the  most  ad- 
mirable manner.  If  he  has  studied  Hydraulics,  he  sees  in  the  body  the 
most  perfect,  and  at  the  same  time  the  most  complicated  hydraulic  ma- 
chinery, working  incessantly  throughout  life  in  the  circullition  of  the 
blood.  The  principles  of  P*neumatics  he  finds  applied  in  the  respiration — 
those  of  Optics  in  the  eye — ^those  of  Acoustics  in  the  ear — and  those  of 
Musical  Sounds  in  the  apparatus  of  the  voice.    And  then,  his  chemical 
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knowledge  meeta  with  new  applioations  in  kis  oiMMrvation  of  tbe  changes 
and  the  prooeMes  going  on  in  the  body. 

The  relationB,  then,  of  Fhynology  to  ■oow  of  the  oemmon  hrmdhet 
taught  in  the  higher  eliMwi  in  aohooLi,  are  of  the  most  intimate  ohara^- 
ter.  Phyiiology,  in  part,  merely  extenda  theae  branchea  into  a  new  and 
interesting  field ;  and  the  itodent  who  haa  onoe  entered  thia  field  reenia 
to  theae  aame  branchea  with  a  renewed  intereat  Hydianlioa,  F&enma- 
tica,  Optica,  Ao,,  hare  now  a  new  attraction  for  him,  from  thia,  to  him 
novel,  application  of  their  prinoiplea.  Hie  interest  thns  awakened  in 
his  mind  is  worth  much  in  itself,  aside  from  the  mere  addition  made  to 
his  knowledge.  And  the  interest  is  enhanoed  by  the  consideration,  thai 
in  the  human  body  he  aeea  the  applicationa  of  theae  principlea  to  mechan- 
ism that  exhihitB  the  akill  of  perfect  wisdom  and  almighty  power. 

But  there  are  relations  of  Physblqgy  to  still  other  studies  which  shonld 
be  noticed. 

The  analogiea  that  exist  between  the  human  body  and  all  other  living 
things,  in  relation  to  structure  and  growth,  are  numerona  and  striking. 
Though  life  is  so  diyerse  in  its  processes  and  in  the  forms  which  we  sea 
it  erolye  in  the  whole  range  of  animated  nature,  it  in  some  important  re- 
spects displays  a  g^eat  similarity,  which  it  is  interesting  to  trace  through- 
out its  diyermfied  manifestations.  Growth,  or  nutrition,  as  you  wi&  see 
in  the  following  pages,  is  essentially  the  same  in  the  Plant  as  it  is  in  tha 
Animal.  Botany,  therefore,  taught  as  it  shonld  be,  haa  quite  an  intimate 
relation  to  Animal  Physiology.  The  Science  of  Life  is,  in  many  reapeda, 
one  Science ;  and  if,  in  studying  any  of  ita  subdirisions,  we  fiul  to  take 
this  broad  view  of  it,  and  to  trace  out  the  analogiea  referred  to,  we  loae  a 
large  part  of  the  intereat  of  the  study.  Human  Physiology,  the  subject 
of  study  in  this  book,  is  but  a  part  of  a  science  which  oflkrs  16  the  student 
wide  fields  of  obserration  exceedingly  diversified  and  full  of  intereat 
This  being  so,  I  could  not  avoid  in  the  following  pages  making  oooaaional 
reference  to  the  analogies  existing  between  the  phenomena  of  life  as  ex- 
hibited- in  the  human  system,  and  those  which  we  see  in  the  living  worid 
around  ua.  So  that  aa  the  student  proceeds  with  the  study,  he  will  find 
himaelf  interested  in  the  phenomena  of  life  in  whatever  form  they  are 
preaonted. 
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Thb  leads  me  to aay  that  thb  study  of  nature,  in  its  broad  oommon  re- 
lations and  its  beantiftil  and  extenrire  analogies,  should  be  made  yeiy 
prominent  in  our  systems  of  ednoatioB.  It  is  the  application  of  the  prin- 
ciples of  abstraot  soienoe  to  the  farms,  and  especially  the  Umng  forms  of 
Bfttore  all  abont  ns,  that  giTes  interest  to  these  principles,  and  makes  ns 
to  nnderstand  and  appreciate  them.  It  is  here  that  we  find  a  Tory  seri- 
oos  defeet  in  tfie  prevalent  mode  of  edocation,  even  at  the  present  time, 
notwithstanding  all  oar  improrementik  Let  ns  look  at  it  a  moment  We 
lire  in  the  midst  of  a  material  world,  animate  and  inanimate,  and  hare 
daily  oonverae,  so  to  speak,  with  material  forms  of  every  variety,  present- 
ing phenomena  of  the  highest  interest  and  of  endless  diversity.  And 
jai,  through  almost  all  the  period  of  childhood,  and  perhaps  we  may  aay 
youth  also,  this  book  of  natare  is  fai  the  school-room  very  nearly  a  sealed 
book.  The  very  process  of  ednostion  shnts  in  the  pupil  from  this  broad 
contemplation  of  the  world  in  which  he  lives.  He  is  drilled  ihroogh 
spelling,  reading,  grammar,  &c.,  bnt  he  is  left  in  total  ignorance  of  the 
beantifbl  flowers,  and  the  majestic  trees  outside  of  the  sohool-rooro.  How 
▼efy  few  even  of  thoroogbly  educated  adults,  know  the  processes  by 
which  a  plant  or  a  tree  grows !  And  the  same  can  be  said  of  other 
phenomena  of  natare. 

-  The  defect  which  I  have  pointed  out  runs  through  the  whole  of  educa- 
tlsn.  We  can  see  it  even  in  the  prevalent  mode  of  teaching  the  natural 
sciences  themselves.  One  would  suppose  that  here  the  fects,  the  phe- 
nomena, would  command  the  chief  attention  of  the  teacher  and  the  stu- 
dent. But  it  is  very  commonly  not  so.  Tho  mere  technicalities  and  the 
dassifioation  are  made  much  too  prominent.  Botany,  really  one  of  the 
most  interesting  of  all  branches  of  natural  science,  b  thus  ordinarily 
made  one  of  the  driest  of  studies.  To  teach  this  aright,  the  phenomena 
of  vegetation,  so  varied  and  so  beautiful,  should  constitute  the  chief  ma- 
terial of  instruction,  and  the  mere  classification  should  be  considered,  al- 
though necessary,  as  wholly  a  secondary  thing. 

Hie  great  fbots  of  the  world,  botb  of  mind  and  matter,  should  ftimish 
reaDy  the  material  for  education,  and  those  branches  that  are  ordinarily 
pursued  with  such  aseiduity  should  be  considered  as  merely  subsidiary  to 
the  teaching  of  these  foots.    The  whole  order  of  education  must  be  re- 
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Teraod.  Instead  of  begnming  the  ohfld't  edaoatiai  with  learniDg  to  spell 
and  read,  the  object  ihoald  be  to  make  him  an  obserrer  of  nature,  and 
the  spelling  and  reading  should  be  done  in  connection  with  this,  and  aa 
aubsidiaiy  to  it  Tilings  and  not  words,  or  mere  signs,  shonld  from  the 
first,  constitiite  the  substantial  part  of  instmction.  The  child  should  be 
made,  at  home,  in  the  school,  and  ererywhere,  a  naturalist  in  the  largest 
sense  of  that  word.  We  should  aim  to  impart  to  him  a  spirit  in  con- 
sonance with  the  foHowing  precept  of  Hugh  MOler,  the  fiunoos  self- 
taught  geologist.  **  Learn  to  make  a  right  use  of  yonr  eyes ;  the  com- 
monest things  are  worth  looking  at— even  stones  and  weeds,  and  the 
most  fiuniliar  animals." 

As  it  is  now,  no  one  becomes  a  naturalist  early  in  life,  except  in  spite 
of  the  tendencies  of  his  education.  The  study  of  nature  is  not  only  not 
encouraged,  hot  is  absolutely  discouraged  in  our  educational  system.  If 
any  one,  like  Hugh  Miller,  by  the  force  of  a  taste  that  can  not  be  represi^ 
ed  by  the  training  of  the  school-room,  undertakes  to  make  a  "  right  use 
of  his  eyes,"  and  curiously  examines  **  stones  and  weeds,"  he  is  regard- 
ed by  the  world  of  spellers  and  readers  and  grammarians  and  dpherers, 
as  a  strange  genius.  But  he  is  pursuing  from  an  irresistible  internal 
force,  the  Tery  course  that  I  would  have  every  student,  even  firom  his 
childhood,  encouraged  to  pursue,  in  a  measure  at  least,  by  the  external 
circumstances  of  his  education.  The  tendencies  of  his  training  should  be 
decidedly  in  this  dbrection. 

If  the  general  mode  of  education  were  changed  in  the  manner  indicated, 
education  would  have  much  less  of  the  character  of  mere  drudgery  than 
it  now  has.  Not  that  there  would  be  any  the  less  labor ;  but  the  labor 
would  be  made  lighter  by  the  interest  imparted  to  it— the  interest,  which 
always  results  from  the  study  of  fiicts  and  phenomena,  and  never  frt)m  the 
learning  of  mere  wofds  and  technicalities  and  classifications.  I  would 
gladly  dwell  on  this  subject,  and  show  by  varied  illustrations  how  the 
mode  of  instmctioo  referred  to,  should  be  pursued,  and  especially  with 
younger  scholars ;  but  the  limits  of  a  prefiuse  will  not  allow  me  to  enter 
so  large  a  fidd. 

The  change  which  I  have  pointed  out  can  not  be  effected  at  once.  It 
will  require  time.    Confirmed  traditional  customs  are  to  be  done  away, 
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ir  thi  iilailr  of  Ml*N  ihaaM  ba  lliw  nutde  prominent  in  edaoalian, 
hntretn  phfd'^vf  wnvU  b*  oaaM«r*d  nlioKntbiTr  iia  nKjrtiniereatiiignDd 
Imfnthinl  hmiieh,  mA  tat  w)*«nl  tnmxa.  Finti  t)iure  ia  no  when  to 
h*  ftmnd  *>  nHrlov*  •  eollwitlon  of  mntiuiiBni,  or  wi  iMercstiog  and 
imn'Urn<l  •  ft\r*  riT  pnio'iMH,  w  In  Um  liunuu  body.  In  nothinii  eln 
In  Itw  ■III*  *iirli1  nra  tlin  prlDiilplM  of  k  inuiy  Jcportmcnta  of  k 
M  Htomfli-lj  ailil  |H<r<V<iUy  a>pin|ili(lnl.  Life  worlu  hero  its  mart  oom- 
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w,  ittat  «■«  KiMdy.  Uto  mt^ivt  Km  a  fnanaal  iaMNai  te  n,  iki  ■  Mi 
IvMMTnl  by  m^  Mn<lt<«,  and  by  bom  Ib  «■  latgia  a  dagrtia  aa  to  Mk, 
An^  VVmTiihl;  1  dn>  Mnity  h  o(  gTMt  ha(p  nfWtia,  beBawaa  •  jifiiia^^d 


tMI  KHt  h  tkk  bn<«  ik  nvml  to  I^CfaM,  Mid  « 

R«TCM  N^aiN.  <f  hair  a  «M.  « 


PREFACE.  XX 

pointa  I  haTe  taken  pains  to  draw  tbe  line  Tery  ditUnoUy  between  what  to 
known,  and  what  to  nippoaed.  I  deem  it  to  be  important  to  prevent  the 
minda  of  the  yoong  from  being  led  away  from  the  aimple  troths  at 
sdenoe  by  ingenioos  speonlations  and  plausible  reasonings.  Let  me  not 
be  understood  to  deory  all  hypothesis.  I  only  object  to  the  mingling  of 
fiMsts  and  sappositions  together  in  one  indisoriminate  mass,  as  to  often 
done.  The  disposition  to  do  thto,  which  to  more  common  than  to  generally 
supposed,  ezerti  so  injorioos  an  influence  upon  the  habits  of  the  mind, 
and  80  confuses  iti  views  of  truth,  that  we  ought  to  look  upon  it  as  one  at 
the  most  serious  evito  to  be  guarded  against  in  eduoHtion.  It  to  really 
one  of  the  most  prominent  obstacles  to  the  progress  of  truth  on  all  sub- 
jects, both  in  indiridual  minds,  and  in  the  minds  of  the  community  at 
large.  Thto  disposition,  so  apt  to  be  fostered  in  the  enthusiastic  mind  of 
youUi,  by  ingenious  but  dreamy  speculations,  ihould  be  corrected  at  tha 
outset,  and  the  mind  should  in'ito  forming  stage,  be  habituated  to  the  dia- 
crimination  between  the  proved,  the  true,  and  that  which  reste  on  pre- 
somptive,  perhaps  merely  plausible  evidence.  Thto  discrimination  should 
therefore  be  exemplified  in  books  designed  for  instruction,  and  thto  I  have 
attempted  in  the  present  vdimie. 

I  have  divided  the  book  into  Three  Parts.  The  First,  which  I  have 
made  as  short  as  possible^  to  merely  freliwdnary  to  the  considerBtioa  of 
the  particular  subject  of  the  book.  In  the  Second  Part,  I  present  the 
human  structure,  simply  as  a  wtrueturey  and  show  how  it  to  constructed 
and  kept  in  repair.  In  the  Third  Part,  I  treat  of  all  those  subjects  whkih 
relate  to  the  «se«  for  which  the  stmotnre  to  designed.  Thto  natural 
division  of  the  whole  subject,  not  <ni1y  presehto  it  to  the  mmd  of  the 
student  in  an  interesting  point  of  view,  but  secures  that  natural  grada- 
tion in  its  devekipment,  which  I  have  spoken  at  aa  bemg  necessary  to  a 
dear  understanding  of  its  deeper  and  more  intricate  portiona. 


PBEFAOU. 


'  the  babite  of  ieaohera  are  to  be  altered,  and  the  proper  books  are  to  4 
great  extent  to  be  yet  written,  eipecially  snob  aa  are  fitted  for  the  firfe- 
yeari  of  odnoation. 

If  the  study  of  nature  ahoiild  be  thus  made  pfominent  in  edooatio. 
hnman  physiology  would  be  considered  altogether  its  most  interesting  ai 
important  branch,  and  for  several  reasons.    First :  there  is  no  where 
be  found  so  curious  a  coDeotion  of  mechanisms,  or  so  interesting  i 
wonderful  a  series  of  processes,  as  in  the  human  body.    In  nothiqg  i 
in  the  wide  world  are  the  principles  of  so  many  departments  of  aoii 
•o  eztensivoly  and  perfectly  exemplified.    Life  works  here  its  bmsI  < 
plicated  set  of  machinery.    Secondly :  the  singular  and  mysteriow        • 
neotion  of  the  immaterial  and  immortal  soul  with  the  material  and  pc 
able  body,  gives  intense  interest  to  this  study.    In  Physiology  v 
not  study  matter  alone,  or  spirit  alone,  but  both  matter  and  spirit  u'    -^ 
and  often  acting  together.    This  circumstance  distinguishes  tUi  ftf  '   - 
other  studies.    Tliirdly :  it  is  our  mon  frames,  moved  by  the  spirit  - 
US,  that  wo  study.    The  subject  has  a  personal  interest  for  ua,  that 
presented  by  most  studies,  and  by  none  in  so  large  a  degree  aa  * 
And  Fourthly :  the  study  is  of  great  importance,  because  a  jadid'*    •% 
eflSdent  Hygiene  must  be  based  upon  a  knowledge  of  the  laws  o^ 
okgy.    We  cannot  know  how  to  keep  our  functions  in  the  cond 
health,  without  understanding  the  laws  that  regulate  them.    I  h? 
Imt  little  in  this  book  in  regard  to  hygiene,  and  that  only  inddent 
oanse  that  subject  would  require  of  itKlf  a  whole  volume  to  ah 
properly. 

I  have  not  thought  it  proper  to  indulge  to  any  great  extent  in 
flections,  wliich  the  contemplation  of  so  perfect  and  diverrified  a 
of  mechanisms  as  are  presented  in  man  would  naturally  snggeM, 
to  the  skin  of  the  great  builder  of  the  universe.  Sooh  redeoti 
extend  the  book  to  too  great  length.  Besides,  they  are  io  ri. 
gested  to  the  mind  of  both  teacher  and  scholar,  that  it  is  • 
neoessaiy  for  the  author  to  dwell  on  them. 

I  have  treated  of  some  subjects,  on  which,  from  the  difii 
derstanding  them,  there  has  been  a  disposition  in  many  min 
^xmd  what  wo  know,  and  indulge  in  unwarranted  q)eou]atiDi 


NOTE. 


Since  the  book  was  first  published,  the  Author 
has,  in  obedience  to  the  requests  of  many  Teachers, 
added  a  chapter  on  Hygiene,  and  also  an  Appendix 
containing  questions.     A  full  Index  is  also  subjoined. 
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CHAPTER  I. 

OfiOANIZED  AND  UKOBOAinZED  SUBSTANCES. 

1.  The  crystal  and  the  plant  are  both  wonderful  growths. 
As  you  look  at  them,  you  think  of  the  crystal  as  having  been 
formed,  and  of  the  plant  as  having  grown.  But  in  one  sense 
they  have  both  grown  to  be  what  they  are.  The  crystal  was 
once  a  minute  nucleus,  and  the  plant  was  once  a  little  germ. 

2.  In  one  respect  they  are  alike  in  their  growth — both  have 
increased  from  particles  taken  from  things  around  them.  But 
the  processes  by  which  this  is  done  are  different  in  the  two 
cases.  The  crystal  has  increased  or  grown  by  layer  after  layer 
of  particles.  There  are  no  spaces  or  passages  by  which  parti- 
cles of  matter  can  be  introduced  inside  of  it.  Any  part  of  it, 
when  once  formed,  is  not  altered.  It  can  receive  additions 
upon  the  outside  alone.  But  it  is  not  so  with  the  plant.  This 
enlarges  by  particles  which  are  introduced  into  passages  and 
interstices.  It  grows,  as  it  is  expressed,  by  absorption  or  by  in- 
tussusception, 

3.  How,  now,  is  this  absorption  effected  ?  It  is  done  by  cer- 
tain vessels  or  organs,  constructed  in  the  root  of  the  plant  for 
this  purpose.  These  take  up  or  absorb  fluid  matter  from  the 
earth.  There  are  other  organs  which  circulate  this  fluid  through 
all  the  plant ;  and  others  still  which  use  it  for  the  purpose  of 
growth  or  formation.  There  are  no  such  organs  in  Uie  crystal, 
for  it  has  no  inner  growth.  The  plant  is  uierefore  said  to  be 
an  organized  substance  or  being,  and  the  crystal  is  an  unor 
ganized  substance.  And  so  we  speak  of  the  organic  structofl 
or  the  organiwation  of  plants. 
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4.  These  organs,  which  thus  absorb,  and  circulate,  and  con- 
struct, do  not  act  simply  on  mechanical  principles.  The  plant 
is  not  merely  soaked  with  fluid,  which  the  heat  of  the  sun  may 
expel,  as  it  does  water  from  a  porous  mineral  substance.  These 
organs  are  active  agents,  and  they  perform  their  duty  with  a 
force,  and  after  a  manner,  for  which  no  mechanical  principles 
can  account.  No  mechanical  powers  could  alone  supply  the 
leaves  of  the  mighty  tree  of  the  forest  with  sap  from  its  deep 
roots ;  much  less  could  they  form  these  leaves. 

6.  Neither  do  these  organs  act  simply  on  chemical  princi- 
ples. While  man,  through  the  agency  of  chemistry,  can  form 
some  of  the  crystals  which  are  found  in  nature,  he  can  not  by 
any  arrangement  of  constituents  make  a  plant,  a  flower,  or  a 
leaf.  And  the  plant,  left  alone  to  the  action  of  chemical  prin- 
ciples, wilts ;  and  at  length  ceases  to  be  a  plants  and  becomes 
common  unorganized  matter. 

6.  Mechanical  and  chemical  principles,  it  is  true,  are  both, 
employed  to  some  extent  in  the  growth  of  plants ;  but  they  are 
under  the  control  of  other  principles,  which  we  term  vital.    And 
so  we  speak  of  the  plant  not  only  as  an  organized  substance^ 
but  as  a  living  being, 

7.  What  I  have  said  of  plants,  in  distinction  from  minerals, 
may  also  be  said  of  animals.  They  are  also  organized  living 
beings,  and  they  have  generally  a  more  complex  oi^ganization 
than  plants,  as  you  will  see  as  I  proceed. 

8.  The  whole  material  world,  then,  tliat  we  see  around  us, 
we  divide  into  two  parts — the  unorganized  and  lifeless,  and  the 
organized  and  living.  The  distinctions  thus  pointed  out  be- 
tween organized  and  unorganized  matter  are  essential  and 
fundamental.  But  let  us  lo<3i:  at  some  other  distinctions,  which 
either  arise  from  these  or  accompany  them. 

9.  One  distinction  is  this.  All  the  parts  of  the  mineral  are 
independent  of  each  other,  while  it  is  otherwise  with  the  plant 
or  the  animal.  Accordingly,  we  examine  the  properties  of  min- 
erals in  a  different  way  from  those  of  plants  and  animals.  The 
chemist  can  ascertain  all  the  properties  of  a  crystal  or  a  rock, 
if  you  give  him  but  a  small  piece  of  it.  But  the  botanist  can 
not  ascertain  all  the  properties  of  a  plant  by  looking  at  some 
one  part  of  it  If  he  examine  the  flower,  this  gives  him  no 
knowledge  of  the  root.  In  order  to  know  all  about  the  ^lant^ 
he  must  examine  every  part  by  itself  and  then  look  at  it  m  its 
relations  to  the  other  parts.  The  same  can  be  said  of  thf 
Dhysiologist,  in  his  investigation  of  the  properties  of  animals. 
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10.  As  the  crystal  is  fonning  by  layer  after  layer  of  particles, 
no  change  is  effected  in  these  particles  as  they  are  becoming 
arranged  in  the  layers.  But  in  the  case  of  the  living  organ- 
ized being,  a  change  is  produced  in  the  particles  which  are 
taken  up  by  the  absorbents.  And  the  change,  ordinarily,  is 
both  a  gradual  and  a  complex  one.  In  the  {Mant,  a  change  is 
produced  in  the  particles  in  the  very  act  of  absorption;  but 
this  change  is  only  the  bemnning  of  a  process  which  is  after- 
wards perfected.  The  sap  is  not  thorougnly  fitted  for  nutrition 
when  it  first  begins  to  circulate.  It  is  carried  up  through  the 
vessels  of  the  trunk  or  stalk  to  the  leaves.  There  the  last  step 
of  the  process  is  taken,  and  the  sap  is  now  ready  to  be  used  in 
the  growth  of  the  plant  or  tree.-  So,  also,  in  the  animal,  the 
nutritious  part  of  tne  food,  taken  up  by  the  absorbents  in  the 
digestive  organs,  is  first  acted  upon  by  certain  little  glands, 
through  which  it  passes,  is  then  poured  into  the  circulation,  to 
be  mingled  with  the  blood,  and  is  carried  with  the  blood  to  the 
lungs,  to  be  exposed  to  the  air ;  and  thus  it  is  fitted  for  the  nu- 
trition or  growth  of  the  body.  This  process,  which  is  thus  car- 
ried on  in  the  plant  and  in  the  animal,  is  very  properly  called 
assimUation,  For  the  particles  that  are  taken  up  by  the  ab- 
sorbents in  the  root  of  the  plant  are,  by  this  process,  made  like 
to  the  plant ;  and  the  particles  taken  up  by  the  absorbents  in 
the  stomach  *  are  made  like  to  the  animal.  So  obvious  is  this, 
in  the  case  of  the  animal,  that  some  French  physiologist  speaks 
of  the  blood  as  cliair  caulante,  or  running  flesh. 

11.  Another  prominent  distinction  between  organized  and 
unorganized  substances  is  in  relation  to  permanency.  Constant 
change  appears  in  all  organized  bodies ;  while  permanency  is 
written  upon  all  substances  which  are  unorganized.  In  organ- 
ized beings,  continual  change  is  going  on  at  every  point  It  is 
a  condition  of  their  being.  This  is  true,  not  only  of  the  d^ 
cline  of  a  plant  or  animal,  but  even  of  its  growth.  For,  in  its 
growth,  as  the  parts  enlarge  internally  as  well  as  externally, 
they  change  not  only  the  arran^ment  of  the  particles,  but,  to 
a  great  extent,  they  change  tne  particles  themselves.    It  is 

*  The  word  •toniaeh  raqoirat  mom  little  ezplaimtion,  at  it  ii  med  in  phviiology  in  two 
•ensee— in  a  limited  lenie,  and  alto  in  an  extended  one.  It  ii  used  in  its  limited  lente,  aa 
referring  to  the  cavitj  at  the  beginning  of  the  alimaUarf  mim/,  as  it  it  termed;  thit  kt- 
ler  term  being  applied  to  the  teriet  of  eavitiet,  the  ttomach  and  the  tmall  and  large  intee* 
tfaMt,  which  are  loaod  in  the  digeetive  apparatut  in  the  higher  orden  of  animab.  ll 
eomparitoot,  however,  between  theie  animalt  and  those  which  have  a  more  timple  difMAr 
ive  apparatut,  the  word  ttomach  it  oied  in  a  more  ezteiuled  sense,  as  bein^  syoon^ 
with  the  term  alimentary  canal.  It  it  uted  in  thit  tense,  aho,  when,  at  in  Um  ptH 
it  ia  nftmd  lo  in  a  eonpariaon  between  aqimalt  and  v^getablea. 
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trtie,  as  well  of  the  towering  tree  as  of  the  tiny  plant,  that 
these  changes  have  heen  going  on  during  all  its  growth ;  so 
that,  at  its  maturity,  it  is,  both  in  relation  to  the  arrkngement 
of  its  particles,  and  in  relation  to  the  particles  themselves,  a 
very  different  tiling  from  what  it  was  when  it  pushed  its  germ 
up  through  the  ground,  or  even  when  it  was  but  a  small  tree. 
Not  only  has  it  received  into  its  interstices  and  passages  new 
particles,  but  it  has  thrown  off  from  the  pores  of  its  leaves, 
those  outlets  for  the  refuse  of  plants,  vast  quantities  of  parti- 
cles which  are  no  longer  of  use  in  its  structure.  So,  m  all 
animals,  the  same  internal  changes  are  going  on,  and  to  a 
much  greater  extent ;  because,  from  the  activity  of  their  na- 
ture, there  is  more  of  wear  and  tear,  and,  therefore,  more  of 
refuse  matter  to  be  disposed  of.  As  you  will  see  in  another 
part  of  this  book,  the  human  body,  that  most  complicated  of 
organized  beings,  undergoes  these  changes  very  largely. 

12.  It  is  not  thus  with  unorganized  substances.  The  crys- 
tal, so  fast  as  it  is  formed,  becomes  permanent.  No  changes 
occur  within  it  In  itself,  it  is  unchangeable.  It  can  hot 
change  its  own  particles,  as  the  plant  or  the  animal  does.  It 
can  be  changed  only  by  external  addition,  or  by  external  dimi- 
nution, through  the  influence  of  agents  acting  upon  its  surface. 

Id.  With  the  constant  changes  going  on  in  organic  nature^ 
there  is  constant  succession.  Plants  and  animals  produce  other 
plants  and  animals,  and  themselves  die,  making  room  for  their 
successors.  But  the  crystal  does  not  form  other  crystals,  and 
then  crumble  into  dust  In  itself,  it  is  both  unchangeable  and 
unproductive, 

14.  This  distinction  between  organized  and  unorganized  sub- 
stances, in  relation  to  change  and  succession,  meets  the  eye 
everywhere.  The  mountains,  the  rocks,  and  even  the  stones 
under  our  feet,  remain  the  same  year  after  year,  while  all  vege- 
table and  animal  life  is  ever  changing  its  forms  and  manifesta- 
tions. There  are  the  changes  of  growth,  and  the  changes  of 
decay  and  death,  all  around  and  within  us;  and  they  are 
strangely  mingled  together.  There  is  deatii  even  in  the 
changes  of  life,  as  the  waste  particles  are  taken  away,  and  are 
replaiced  by  the  new ;  and  life  springs  out  of  the  very  bosom 
of  death,  as  from  decayed  nature  new  forms  of  vigor  and 
beauty  arise.  The  mountains  stand  as  they  have  stood,  as  the 
passing  generations  have  looked  uppn  them,  while  the  continual 
changes  of  vegetation  have  been  going  on  upon  and  around 
them.    The  seasons  crown  their  battlements  with  the  emblems 
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of  their  ever-returning  mutations  of  life,  decay,  and  death; 
and  even  the  mightr  trees,  that  have  shed  their  leaves  from 
year  to  year,  in  obedience  to  the  great  law  of  change,  but  have 
themselves  stood,  at  length  bow  meir  heads  to  the  same  law, 
and  give  place  to  other  lords  of  the  forest  From  the  ^'  ever- 
lasting hills,''  which  thus  remain  the  same,  though  change  is 
ever  about  and  upon  them,  man  gets  the  unchangeable  and 
imperishable  rock  to  construct  his  habitation,  while  he  himself 
is  changeable  and  perishable — the  creature  of  a  day,  whose 
life  is  as  a  vapor.  He  wears  the  precious  stones,  and  traffics 
in  the  golden  ores,  which  have  existed  from  the  creation  of  the 
world,  through  all  the  changing  and  dying  generations,  and 
passes  away,  leaving  them  to  otEers  as  changeable  and  perish- 
able as  himself. 

15.  Anotiier  distinction  between  organized  and  unommized 
substances  relates  to  the  forms  which  they  assume.  I^iere  is 
regularity  in  both,  but  it  is  different  in  each.  Unorganized 
matter  is  disposed  to  arrange  its  particles  in  straight  lines,  and 
with  angles  mathematically  exact  You  see  this  in  the  beautifiil 
crystal ;  and  you  also  see  it,  less  definitely,  but  magnificentiy, 
displayed  in  the  regular  battlements  and  columns  of  rocks  and 
mountains.  The  tendency  is  to  regularity ;  and  irregularity  is 
the  result  of  interfering  circumstances.  A  similar  disposition 
to  regularity  is  manifest  in  organized  substances,  but  in  a 
different  manner.  It  is  disposed  to  curved,  ratiier  than  straight 
lines,  and  seldom  makes  lines  or  ansrles  with  mathematical  ex- 
actness. We  see  this  law  of  regularity  exemplified  both  in 
animal  and  vegetable  life.  The  leaf^  for  example,  has  the  same 
genera]  shape,  that  is,  the  same  general  arrangement  of  par- 
ticles, when  it  attains  its  full  size,  that  it  had  when  it  was 
small ;  and  the  same  can  be  said  of  the  arm  of  the  man,  com- 
pared witii  his  arm  when  a  child.  Illustrations  might  be  cited 
to  any  extent,  but  these  are  sufficient 

16.  While  the  law  of  regularity  is  not  commonly  as  exact 
in  organized  substances  as  it  is  in  the  unorganized,  it  is  quite 
as  authoritative.  While  it  does  not  ordinarily  observe  the  per- 
fectiy  straight  lines  and  the  unvarying  angles  which  we  always 
find  in  the  crystal,  tiie  general  plan  and  contour  are  very  strictly 
preserved  amid  all  tiie  changes  of  animal  and  vegetable  life. 
And,  in  some  cases,  the  same  mathematical  exactness  that  we 
find  in  the  mineral  world  is  found  in  organized  beings.  I 
know  not  that  this  is  ever  true  of  straight  lines  and  angles ; 
but  it  is  often  true  of  curved  lines.    There  are  many  very 

2* 
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beautiftil  examples  in  the  vegetable  world.  I  will  give  but  a 
nngle  one.  If  you  look  at  the  common  white  daisy,  before  the 
hundreds  of  little  buds  in  its  bosom  have  opened  into  tiny 
flowers,  you  will  see  them  arranged  with  great  exactness  in 
crossing  curved  lines,  such  as  you  often  see  on  the  back  of 
a  watch  case.  A  similar  arrang»nent  you  will  find  in  many 
flowers. 

17.  This  regularity  is  more  wonderful  in  organized  sub- 
stances than  in  the  unorganized,  because  it  rules  in  them  in  the 
midst  of  constant  change.  In  the  case  of  the  crystal,  as  there 
are  no  internal  changes  in  it,  and  as  each  layer  of  it,  when 
formed,  is  permanent,  regularity  is  comparatively,  so  to  speak, 
easilv  secured.  But  in  me  case  of  the  leaf^  as  it  is  growing  to 
its  full  size,  and  of  the  arm,  as  it  grows  from  infancy  to  be 
the  stalwart  arm  of  manhood,  continual  change  is  going  on  at 
every  point;  and  regularity  here  is  obviously  a  more  difficult 
achievement. 

18.  This  regularity  appears  still  more  wonderful,  when  we 
look  at  the  infinite  variety  of  forms  in  organized  matter,  in 
both  the  vegetable  and  the  animal  world.  In  all  these  forms, 
each  part  of  every  animal  and  of  every  plant  maintains  its 
own  peculiar  plan  and  contour.  Take,  for  example,  the  leaf  in 
its  endless  varieties.  How  definitely  does  each  variety  preserve 
its  individual  character,  and  how  easily  is  it  distinguished  from 
every  other  variety  I  The  same  can  be  said  of  every  part  of 
every  organized  being. 

19.  Another  circumstance  still  must  be  mentioned,  as  adding 
to  the  wonderfulness  of  this  re^larity.  It  has  been  scrupu- 
lously maintained,  through  all  me  changes  of  the  world  from 
its  creation,  when  God  pronounced  the  works  of  his  hands  to 
be  "  very  good.*'  The  leaf  of  every  tree,  for  example,  is  like 
the  leaf  of  its  ancestral  trees  back  to  that  time ;  and  so  it  will 
be  in  all  its  successors  to  the  end  of  the  world.  "The  trees  of 
the  garden,"  which  delighted  the  eyes  of  our  first  parents,  and 
refreshed  them  with  their  shade  in  their  innocence,  and  amid 
which  they  hid  themselves  after  their  sin  from  the  presence  of 
their  Maker,  undoubtedly  had  the  same  characteristic  shapes, 
and  the  same  leaves  and  flowers  which  their  successors  present 
to  our  eyes. 

20.  Again,  it  is  interesting  to  notice  that,  in  the  midst  of 
this  regularity,  so  strictly  maintained  in  each  specific  form  from 
age  to  age,  there  is  a  measure  of  iiregularity  allowed.  While 
each  kind  of  tree,  for  example,  has  specific  characteristics  in 
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the  arraDgements  of  branches  and  other  parts,  and"*i)r  the 
shapes  of  its  leaves,  no  two  trees  of  the  same  kind  are  exactly 
alike,  and  there  is  always  much  variety  in  the  leaves  of  the 
same  kind.  The  wonder  is,  that  so  much  latitude  is  allowed 
in  this  respect,  and  yet  the  specific  characteristics  of  each  kind 
are  so  thoroughly  preserved.  We  can  readily  see  that  if  a 
pattern,  definite  in  all  its  details,  were  to  be  copied  exactly  in 
each  kind  of  vegetable  and  animal  form,  the  distinctions  between 
them  could  be  more  easily  preserved.  But  Omnipotence  is 
able  to  combine  a  wide  latittide  and  variety  of  form  in  each 
kind,  with  a  strict  and  uniform  preservation  of  its  characteristic 
contour  and  arrangement  We  have  a  striking  exemplification 
of  the  above  remarks  in  the  variety  of  the  human  countenance. 
While  the  face  of  man  is  so  entirely  different  from  the  face  of 
every  other  aninial,  at  the  same  time,  among  the  hundreds  of 
millions  of  the  human  familv,  how  uncommon  it  is  to  find  two 
fSaces  that  are  very  nearly  alike. 

21.  In  the  animal  world,  we  see  remarkable  examples  of  the 
preservation  of  regularity  of  form  in  the  exact  correspondence 
which  exists  so  commonly  between  the  two  halves  of  the  body. 
For  example,  the  brain  has  two  halves,  which  are  precisely  alike, 
and  the  same  is  true  of  the  nerves  which  are  distributed  from 
it  And  so  of  other  parts.  But,  mingled  with  this  symmetri- 
cal arrangement  of  parts,  there  are  other  parts  which  are  irreg- 
ular in  their  shape.  This  is  the  case  with  the  stomach,  the 
heart,  the  liver,  <fec.  There  are  some  animals  which  are  alto- 
gether destitute  of  this  arrangement  of  two  similar  halves  of 
the  body.  The  oyster  is  a  familiar  example.  The  shell  of  this 
animal  is  strikingly  in  contrast,  in  this  respect,  with  the  shelb 
of  some  other  of  the  bivalve  tribe,  as,  for  instance,  the  common 
clam. 

22.  There  is  a  distinction  between  organized  and  unorganized 
substances,  in  regard  to  size,  which  must  not  pass  unnoticed  in 
this  connection.  The  size  of  unorganized  bodies  has  no  fixed 
limit  A  crystal  or  a  rock  may  j^ow  to  any  imaginable  size, 
if  the  particles  forming  it  are  sufficiently  abundant  But  or- 
ganized bodies  have  limits  fixed  to  their  growth.  There  is,  it 
IS  true,  more  or  less  latitude  to  these  limits ;  but  they  are  so 
well  defined  in  the  case  of  most  vegetables  and  animals,  th*^ 
when  growth  reaches  much  beyond  or  below  the  limit,  it 
recognized  as  a  remarkable  fact  Gigantic  and  dwarfish  vt 
ties  are  rare  exceptions  to  the  general  rule. 

23.  The  last  distinction,  between  organized  and  unorgauli 
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substances,  which  I  shall  mention  relates  to  their  structure. 
While  unorganized  substances  are  made  of  one  form  of  matter, 
either  solid  or  liquid,  or  gaseous,  organized  bodies  are  made  of 
a  mixture  of  fluids  and  solids.  They  are  therefore  more  or  less 
soft  and  flexible;  while  the  solid,  unorganized  substances  are 
hard  and  brittle.  There  is  a  still  further  difference  in  struc- 
ture. Organized  substances  are  much  more  compound  than 
the  unorganized.  Most  of  the  unorganized  substances  are 
composed  of  only  two  or  three  elements.  Thus,  air  is  com- 
posed of  oxygen  and  nitrogen,  water  of  oxygen  and  hydro- 
gen; and  most  of  the  mineral  salts  are  composed  of  three 
elements — as,  for  example,  carbonate  of  lime,  or  chalk,  which 
is  composed  of  oxygen,  carbon,  and  calcium,  the  mineral  base 
of  lime.  But  organized  substances  are  composed  of  at  least 
three  or  four  elements,  and  sometimes  more.  The  four  princi- 
pal elements  in  the  composition  of  organized  bodies  are,  oxygen^ 
nitrogen,  hydrogen,  and  carbon.  But  there  are  other  elements 
introduced  for  special  purposes.  Thus,  carbonate  of  lime  (a 
combination  of  calcium  with  two  of  the  common  elements, 
carbon  and  oxygen,)  is  diflused  very  generally  throughout  the 
textures  of  plants,  giving  them  fimmess  and  strength.  In  the 
grass  tribe,  silex  is  deposited  under  the  surface,  producing  the 
necessary  combination  of  strength  and  lightness,  a  very  small 
quantity  of  the  silex  answering  the  purpose.  In  animals  of 
the  higher  orders,  phosphate  and  carbonate  of  lime  compose  in 
part  the  framework  of  the  body.  We  find  iron,-  too,  in  the 
blood.  Of  the  fifty-four  elementary  substances  discovered  in 
mineral  bodies,  only  eighteen  or  nineteen  have  been  found  in 
plants  and  animals,  and  some  of  these  in  very  small  amounts. 
The  essential  components  of  living  substances  are  the  four  non- 
metallic  elements  mentioned  above — oxygen,  hydrogen,  nitro- 
gen, and  carbon;  while  the  bulk  of  the  inorganic  world  is 
composed  of  the  metals  and  their  compounds,  viz.,  the  alkalies 
and  the  earths.  And  it  is  interesting  to  observe  that,  of  the 
four  elements  which  compose  the  bulk  of  the  animal  and  vege- 
table world,  both  the  fluids  and  the  solids,  three  are  gaseous, 
while  but  one,  carbon,  is  a  solid  substance. 
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CHAPTER  II. 

THE  SISimCTIONS  BETWSKN  AHDULS  AM)  FLASm 

24.  Haying  pointed  out  in  the  first  chapter  the  distinctions 
between  organized  and  unorganized  substances,  I  now  proceed 
to  consider  the  distinctions  between  the  two  classes  of  organ- 
ized beings — animals  and  vegetables.  I  shall  first  notice  those 
differences  which  are  obvious  when  we  look  at  the  great  major- 
ity of  animals  and  vegetables ;  and  shall  then  point  out  those 
which  are  essential,  in  order  that  we  may  have  a  clearer  view  of 
those  exceptional  cases,  in  regard  to  which  it  is  somewhat 
difficult  to  decide  to  which  of  the  two  kingdoms  they  belong. 

25.  One  of  the  most  obvious  distinctions  is  in  relation  to 
locomotion.  The  plant  remains  in  one  place ;  while  the  animal 
moves  about,  in  the  air,  or  in  the  water,  or  upon  the  surface  of 
the  earth.  And  the  structures  of  the  animal  and  the  plant  of 
/course  difier,  so  as  to  accommodate  these  two  very  different 
modes  of  existence.  I  will  particularize.  As  the  animal  moves 
from  place  to  place,  it  must,  for  this  reason,  if  for  no  other, 
have  an  apparatus  of  nourishment  and  growth  different  from 
that  of  the  plant  The  plant,  by  means  of  its  absorbents  in 
the  roots,  takes  up  fi^m  the  earth,  in  the  form  of  sap,  its  nutri- 
tion, or  food,  as  it  may  very  properly  be  called.  Tne  moving 
about  of  the  animal  would  in  itself  forbid  its  deriving  its  food 
directly  from  the  earth,  even  if  the  earth  contained  the  proper 
materials  for  its  nourishment  Another  contrivance  must 
therefore  be  resorted  to,  in  order  to  effect  nutrition  in  its  case. 
So  a  cavity  is  provided  in  its  body,  called  a  stomach,  :nto 
which  nutntious  substances  can  be  introduced.  And  this  cav- 
ity is  lined  with  absorbents,  which  there  do  for  the  animal 
just  what  the  absorbents  in  the  roots  of  the  plant  do  for  the 
plant 

26.  Besides  the  stomach,  there  are  other  great  central  or- 
gans which  are  peculiar  to  most  animals,  in  distinction  from 
vegetables — as  the  heart,  the  liver,  the  lungs,  <fec  In  the 
plant,  there  are  no  such  central  organs  upon  which  the  whole 
plant  depends.  Branches  and  roots  may  be  cut  off  extensively, 
and  even  a  large  portion  of  the  stem  or  trunk  may  be  des- 
troyed ;  and  yet  what  remains  of  the  plant  may  still  live.    And 
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even  more  than  this.  A  small  portion  of  it  may  be  made  to 
take  root  and  live  hj  itself.  It  is  not  so  with  most  animals. 
Mutilation  can  not  be  carried  &r  without  injuring  some  large 
organ  which  is  essential  to  the  life  of  the  whole ;  and  no  part 
taken  from  its  extremities  can  be  made  in  any  way  to  live  by 
itself. 

27.  Another  obvious  distinction  is  this.  Animals  are  sen- 
tient and  spontaneously-moving  beings,  while  vegetables  are  not 
The  animal  feels  the  action  of  affents  upon  it,  and  this  it  can 
not  do  without  consciousness  and  mought  The  evidences  of  the 
existence  of  cx>nsciousne8S  and  thought,  and  the  consequent  spon- 
taneous motion,  are  very  slight  in  some  animals.  Still,  there  is  no 
doubt  of  their  existence  in  these  cases.  We  see  these  evidences 
plainly  in  the  great  majority  of  animals ;  and  we  infer,  very 
properly,  the  existence  of  sensation  and  thought  in  those  excep- 
tional cases,  where  the  evidences  are  doubtful  or  absent,  as  we 
find  in  them  other  marks  of  animal  in  distinction  from  vege- 
table life. 

28.  The  distinctions  which  I  have  mentioned  are  those  which 
we  see  generally  existing.  Let  us  see  how  far  they  are  essential, 
and  universal. 

29.  The  distinction  in  regard  to  locomotion,  if  we  look  at 
the  animal  as  a  whole,  has  its  exceptions.  There  are  some 
animals  that  are  entirely  confined  to  one  spot  during  all  their 
existence,  as  the  coral  animal  and  the  sponge.  But,  while 
some  animals  are  thus  confined,  they  have  the  power  of  spon- 
taneous motion  in  some  of  their  parts,  which  is  exercised  for 
the  purpose  of  obtaining  food,  and,  in  some  cases,  for  the 
avoidance  of  danger.  This  power  is  not  possessed  by  any  plant 
Some  few  plants,  as  the  sensitive  plant  and  the  Venus  catch-fly, 
(dionsea  muscipula,)  exhibit  a  property  which  resembles  it,  but 
it  is  essentially  a  different  thing.  In  these  cases,  the  influence 
of  the  stimulus  that  excites  the  motion  is  communicated  from 
particle  to  particle,  from  the  point  where  the  stimulus  is  ap- 
plied; and  the  motion  is  only  in  one  direction,  and  not  m 
various  directions,  as  is  the  case  with  spontaneous  animal  mo- 
tions. This  can  be  very  readily  seen,  if  we  compare  the  motion 
of  the  sensitive  plant  or  the  catch-fly  with  those  of  the  little  fr^h- 
water  polype,  called  the  Hydra.  This  animal,  of  which  I  give 
you  here  an  enlarged  representation,  and  also  a  representation 
of  its  natural  size,  is  found  in  ponds.  It  attaches  itself  to  any 
floating  object — a  stick  or  straw,  as  seen  in  the  Figure — ^by  a 
kind  of  sucker.    Thus  supporting  itself  it  stretches  out  its  long 
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amis,  to  taike  for  its  food  any 
minute  wonn  or  insect  which 
may  float  within  their  reach. 
When  it  catches  one,  it  directs 
it  to  the  mouth,  a,  which  opens 
into  the  stomach  or  general  car- 
itf.  Now,  in  doing  all  this, 
there  is  a  varie^,  a  compound 
character  in  the  motion,  which 
is  in  plain  contrast  with  the 
simple  motion  of  the  leaves  of 
the  catch-fly  and  the  sensitive 

30.  The  distinction,  in  rela- 
tion to  a  digestive  cavity,  can 
not  be  made  out  is  the  case  of 
some  of  the  lower  animals.  And, 
if  it  could  be,  it  is  not  an  tuen- 
tiai  distinction.  For  it  only 
relates  to  a  mere  difference  of  htoba, 

arrangement  in  the  absorbents 

that  take'up  the  nutritious  substance  in  the  two  cases,  lie 
absorbents  in  the  stomach  of  the  animal,  as  before  remarked, 
perform  the  same  office  that  the  absorbents  do  in  the  root  of 
the  plant  They  only  do  it  in  a  different  place,  and  after  a 
different  manner.  The  same  remarks,  subetantiBlty,  can  be 
made  in  r^prd  to  the  other  large  central  organs  which  are 
found  in  most  animals. 

81.  The  last  of  the  distinctions,  which  I  mentioned  as  being 
commonly  observed,  is  really  the  essential  distinction  between 
plants  and  animals.  I  mean  the  capacity  for  sensation  and 
spontaneous  motion,  which  exists  only  in  the  animal.  There 
is  nothing  truly  analoeona  to  this  in  the  plant.  And  we,  ac- 
cordingly, find  a  peculiar  structure  in  animals,  devoted  to  these 
functions,  and  others  connected  with  them.  This  structure  is 
the  nervous  syBt«m.  No  trace  of  such  a  stmcture  has  ever 
been  discovered  in  any  plant  If  there  were  any  true  analogy 
between  animal  motion  and  the  motions  of  the  sensitive  plant 
and  the  catch-fly,  we  should  he  able  to  find  in  them  traces  of  qpr- 
vous  structure;  for  the  structure  of  these  plants  is  so  plainly 
developed,  that  its  constituent  parts  are  easily  distingnished. 

32.  The  nervous  system  is  evidently  not  easentiaJ  to  nutri- 
tion, for  this  is  as  well  effected  in  the  plant  as  in  the  animal. 
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This  is  accomplished  in  both  in  substantially  the  same  way. 
The  means  by  which  it  is  done,  and  its  arrangements  are  modi- 
fiedy  as  you  naye  seen,  in  the  two  cases,  to  suit  the  differing 
circamstancea..  The  neirous  system,  observe,  then,  is,  for  par- 
ticnlar  pnrpoeea,  superadded  in  the  animal  to  what  is  common 
both  to  the  animal  and  the  plants  and  so  constitutes  the  essen- 
tial diflference  between  them.  And  so,  all  the  functions  relating 
to  nutrition,  which  are  of  course  conmion  to  plants  and  animals, 
are  called  functions  of  organic  life.  But  me  functions  which 
are  performed  by  the  system  superadded  in  the  animal,  the 
chiet  €i  which  are  sensation  and  spontaneous  motion,  are 
termed  functions  of  animal  life.  These  are  sometimes  also 
called  functions  of  reiiUionj  from  the  especial  connection  which 
tliey  form  between  the  animal  and  all  tnat  is  around  him. 

83.  These  aninaial  functions,  sensation  and  spontaneous  mo- 
tion, imply  thouffht  and  will.  The  order  of  action  is  this: 
sensation— ihou^t  in  regard  to  it — action  of  the  will  in  con- 
sequence of  thought — ^then,  from  this  action,  an  impression 
carried  through  neiTreS'  to  organs  termed  muscles — motion  in 
them  from  meir  contraction.  This  order,  however,  is  not 
always  observed.  The  first  link,  sensation,  may  be  absent 
Thought,  without  any  preceding  sensation,  may  prompt  the 
will,  and  spontaneous  motion  results.  The  action  of  the  will, 
too,  may  be  left  out,  or  may  be  in  opposition.  Thus,  emotions 
may  produce  action  of  tiie  muscles,  the  will  not  conciuring, 
and  perhaps  opposing ;  as  when  we  laugh  at  what  is  ridiculous, 
or  weep  at  what  is  sad,  in  spite  of  restraining  efforts  dictated 
by  the  will. 

34.  There  are  also  instinctive  motions,  and  motions  which 
are  termed  automatic,  with  which  the  will  has  no  direct  con- 
nection. And  the  connection  of  sensation  with  them  is,  in 
some  cases  at  least,  doubtful.  The  action  of  the  muscles,  in 
swallowing,  breatiiing,  <fec.,  and  the  action  of  tiiat  compound 
muscle,  the  heart,  are  examples  of  motions  more  or  less  dis- 
connected from  the  will,  and  also  from  sensation.  The  action 
of  the  heart  is  wholly  removed  from  the  direct  influence  of  Uie 
will,  and  it  is  at  least  not  obvious  that  it  is  influenced  directiy 
by  sensation.  It  is  influenced  indirectiy  by  botii,  through  the 
agency  of  emotions  awakened  by  them.  The  muscles  of  breath- 
ing, on  the  other  hand,  tiiough  ordinarily  involuntary,  may  be 
directiy  influenced  both  by  the  will  and  by  sensation.  You 
can  at  will  breathe  faster  and  more  deeply,  and  sensations  of 
uneasiness  in  the  chest  modify  the  bn'^athmg. 
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35.  For  all  iliese  different  actions,  thus  produced  in  different 
ways,  there  are  central  parts  of  the  nervous  system  upon  which 
the  causes  of  these  actions  produce  the  impressions  or  impuLses 
from  which  the  actions  resuH.  Thus,  when  a  sensation  is  fol- 
lowed by  a  spontaneous  action  of  muscles,  an  impression  ia 
conveyed  by  nerves  to  the  central  organ ;  the  will  there  acta, 
and  the  impulse  there  given  by  this  action  of  the  will  is  cap- 
rietl  by  other  nerves  to  the  muscles,  which  execute  the  intended 
movement 

36.  These  central  parts  or  organs,  which  are  Hiq  media,  the 
instruments  of  impressions,  are  in  different  parts  of  the  body 
of  the  animal;  but  the  most  important  of  them  is  what  We 
call  the  brain.  ,This  part  is  developed  most  in  those  animals 
that  give  tlie  greatest  evidences  of  intelligence ;  and,  therefore, 
it  is  more  prominent  in  man  than  in  any  other  animal. 

37.  It  may  be  remarked,  as  a  general  truth,  that  the  nervous 
system,  and  its  associate  or  subordinate  system,  the  muscular, 
are  developed  in  different  degrees  or  forms,  to  suit  the  different 
characters  ahd  wants  of  animals.  In  man,  tliey  are  more  com- 
plex and  perfect  than  in  any  other  animal.  The  brain,  in  him,  is 
a  large  organ,  occupjdng  the  skull.  The  spinal  marrow,  and 
other  central  parts,  and  the  nerves,  are  largely  developed.  And 
the  muscles  which  are  moved  by  this  nervous  system  form  a 
large  portion  of  the  bulk  of  the  body.  The  organs  of  nutrition, 
analogous  to  those  which  make  up  neaidy  the  whole  of  the 
plant,  occupy  the  two  cities  of  the  trunk  of  the  body,  the 
thoracic  and  the  abdominal.  But,  as  we  descend  in  the  animal 
kingdom,  the  nervous  system  becomes  continually  less  promi- 
nent, and  tlie  system  of  mere  nutrition  more  so.  We  at  length 
come  to  anim^,  in  which  the  nervous  system  is  a  mere  small 
appendage  to  the  system  of  nutrition,  and  only  serves  to  direct 
the  muscles  in  securing  the  food  of  the  animal.  In  some  of 
these,  we  not  only  do  not  find  a  brain,  but  we  fail  to  discover 
any  traces  of  a  nervous  system.  This  is  true  of  the  Hydra, 
noticed  in  §  29. 

38.  The  nervous  syBtem,  which  so  clearly  distinguishes  roost 
animals  from  all  plants,  is  fairly  presumed  to  exist,  though  in 
an  exceedingly  slight  degree,  in  Uiose  beings  in  which  it  can 
not  be  found,  but  in  which  we  find  other  characteristics  of  the 
animal  kingdom.  And  it  is  presumed,  also,  that  the  exercise 
of  thought  and  the  action  of  the  \^ill,  which  most  animals  so 
plainly  exhibit,  while  they  become  less  and  less  obvious  as  we 
descend  in  the  scale,  are  not  wholly  obliterated  in  the  very 
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lowest  animals.  It  may,  perhaps,  be  said,  that  as  muscular 
action,  as  mentioned  in  §  34,  is  sometimes  produced  even  in 
man  without  the  intervention  of  thought  or  the  will,  it  may  be 
produced  in  animals  of  the  lowest  order  altogether  in  this  way. 
But  we  m^y  more  rationally  infer  that,  as  the  chief  object  of 
motion  in  them  is  the  securing  of  food,  it  is  guided  by  the 
action  of  a  will  in  obedience  to  their  sensations.  In  other 
words,  it  is  truly  a  spontaneous,  and  not  a  mere  automatic  mo- 
tion. And  it  IS  probable  that  there  is  in  the  very  lowest  of 
animals  some  degree,  though  it  may  indeed  be  slight,  of  enjoy- 
ment in  the  sensations  received  from  the  moving  water  about 
it,  and  from  the  satisfying  of  its  wants  in  the  process  of  nutri- 
tion. .  We  will  take  the  Hydra,  a  representation  of  which  is 
given  in  Fig.  1,  page  23,  as  an  illustration  of  the  above  remarks. 
It  is  a  minute  gelatinous  animal,  in  which  no  nervous  or  mus- 
cular fibres  can  be  found.  And  yet  it  has  an  extraordinary 
power  of  extending  and  contracting  itself.  When  it  is  alarmed, 
it  draws  in  its  arms,  and  shrinks  into  the  form  of  a  little  glob- 
ule ;  and  if  you  should  see  it  in  tliis  condition,  you  would  not 
suspect  that  it  had  any  arms  or  tentacula.  But  when  it  is 
searching  for  food,  it  often  extends  its  body  and  its  arms  to  a 
great  length ;  and  when  it  grasps  its  prey,  it  puts  it  into  its 
stomach,  which  constitutes,  so  far  as  we  can  see,  its  whole 
body.  We  can  not  conceive  of  all  these  motions,  thus  exe- 
cuted to  effect  certain  definite  objects,  without  the  agency  of  a 
will,  and  without  sensations  to  prom|^  the  will  and  guide  the 
motions.  The  animal  must  have  a  power  of  choice,  or  it  would 
put  a  bit  of  stick  or  straw  into  its  stomach  as  readily  as  a 
worm  or  an  insect.  But  the  tentacula  never  grasp,  among  the 
various  bits  of  things  which  fioat  against  them,  any  thing  be- 
side the  appropriate  food  of  the  animal;  And  it  undoubtedly 
enjoys  its  food  as  really,  though  perhaps  not  as  vividly,  as -any 
htunan  epicure ;  and  has  in  some  measure  the  same  pleasur- 
able sensations  which  locomotion  produces  in  us,  as  it  fioats 
along  so  quietly,  with  its  arms  hanging  down  fit)m  its  body. 
Though  there  bo  no  nervous  fibres  to  be  seen  in  the  loose  gela- 
tinous structure  of  this  little  creature,  yet,  as  the  phenomena 
which  it  exhibits  are  known  to  be  produced  by  the  nervous 
system  in  those  animals  whose  structure  is  more  plainly  and 
thoroughly  developed,  we  justly  infer  that  there  must  be 
nervous  matter,  in  some  form,  in  this  and  other  similar  ani- 
xnals. 

39.  One  more  important  distinction  between  animals  and 
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planter  remains  to  be  noticed.  It  relates  to  their  diemical  com* 
poution.  I  stated,  in  §  23,  that  organized  substances  are  com- 
posed mostly  of  four  elements— oxygen,  hydrogen,  nitrogen,  and 
carbon.  Plants  differ  from  animals,  in  having  but  little  nitro- 
gen in  their  composition.  It  was  formerly  supposed  that  they 
contained  none  of  this  element.  It  is  found  only  in  particular 
parts  of  plants,  as  the  seeds.  We  may  regard  carbon  as  the 
most  characteristic  constituent  of  vegetables,  and  nitrogen  of 
animals.  And  in  this  connection  it  is  interesting  to  observe 
that,  while  carbon  is  largely  thrown  off  from  the  lungs  of  ani- 
mals, in  the  shape  of  carbonic-acid  gas,  it  is  as  largely  absorbed 
by  the  leaves  of  plants.  Of  this  fact  I  shall  tfl£:e  more  par- 
ticular notice  when  I  come  to  the  subject  of  respiration. 


CHAPTER  III. 

MAN  m  mS  BSUtI(»(S  TO  THE  THBES  HKODOMS  OP  KATUBK 

40.  Man  is  commonly  spoken  of  as  being  at  the  head  of  the 
animal  kingdom,  and  in  the  book  of  the  naturalist  is  made  an 
order  of  the  class  termed  Mammalia.  As  the  basis  of  the 
whole  classification  is  mere  material  organization,  and  has  no 
reference  at  all  to  mental  or  spiritual  endowments,  the  classifica- 
tion, in  regard  to  man,  is  in  its  principle  correct.  At  the  same 
time,  it  must  be  admitted,  that  it  fails  to  recognize  altogether 
the  essential  distinctions  between  man  and  other  animals. 
These  distinctions,  making,  as  they  do,  a  wide  gap — ^  an  im- 
passable chasm,''  as  Professor  Guyot  expresses  it---between  man 
and  the  inferior  animals,  are  to  be  found  in-  certain  peculiar 
spiritual  endowments  which  man  possesses.  These  I  will  no- 
tice now  in  the  briefest  manner,  leaving  it  for  another  part  of 
this  book  to  treat  more  fiiUy  of  this  and  other  kindred  subjects. 
One  of  these  endowments  is  the  power  of  (ibstrait  reasoning. 
Other  animals  in  a  certain  sense  reason,  that  is,  they  make  in- 
ferences; but  they  never  arrive  at  any  general  or  abstract 
truths.  Another  endowment  is  a  moral  one,  linking  man  in  hia 
spiritual  nature  to  the  Deity.  It  is  conscience^  or  the  knowledge 
and  sense  of  what  is  right,  in  distinction  from  what  is  ^Tong. 
Other  animals,  in  obedience  to  the  passions  of  fear  and  love. 
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sometimes  appear  to  the  superficial  observer  to  have  an  idea  of 
what  is  right;  as  such ;  but  there  is  not  the  slightest  evidence 
that  they  really  have  any  such  knowled^. 

41.  In  view  of  these  endowments  of  man,  it  is  wrong  to 
consider  him  merely  as  being  at  the  head  of  the  animal  king^ 
dom.  He  is  something  more  than  this.  He  is  so  much  and 
so  distinctly  more,  that  the  accepted  classification  of  him,  on 
the  ground  of  mere  difference  of  organization,  gives  a  most 
inadequate  idea  of  his  true  position  m  the  scale  of  being.  It 
leaves  entirely  out  of  view  the  essential  distinctions;  and  it 
separates  man  from  other  animals,  as  you  will  see,  by  a  distinc- 
tion of  organization  which  is  of  rather  a  trivial,  perhaps  ques- 
tionable, character.    * 

42.  The  force  of  this  view  of  the  subject  is  enhanced,  if  we 
take  into  consideration  that  great  fact,  revealed  to  us  by  God 
in  his  Word,  that  man  is  destined  to  immortality.  It  may  be 
objected  that,  as  this  fact  is  learned  only  by  revelation,  and  not 
by  observation,  it  is  not  to  be  regarded  as  a  scientific  fact. 
But,  granting  that  there  is  truth  in  the  objection,  it  certainly 
is  allowable  to  allude  to  the  revelations  of  Scripture,  as  con- 
firming or  enforcing  views  developed  by  scientific  observation. 
This  is  all  that  I  have  done  in  this  case.  The  view  which  I 
have  presented  is  based  upon  endowments  that  are  recbgnized 
by  the  scientific  observer,  without  the  aid  of  revelation ;  and  I 
appeal  to  the  revealed  £Eict  of  man's  immortality,  as  adding 
force  to  this  view,  and  not  as  being  at  all  necessary  to  the 
establishment  of  its  truth. 

43.  Let  us  look  at  this  subject  in  another  point  of  view. 
Tlie  grand  essential  distinction  between  animals  and  plants  lies, 
as  you  have  seen  in  the  last  chapter,  in  the  fact  that  animus 
have  a  nervous  system.  Now,  with  this  system,  as  you  have 
also  seen,  appear  (certain  mental  manifestations.  These  differ 
widely  in  different  animals,  and  are  most  prominent  in  those  in 
which  tliis  system  is  most  prominent  and  complicated.  As  we 
trace  upward  these  complications,  when  we  come  to  man,  we 
find  certain  mental  manifestations,  which  separate  him  by  ^  an 
impassable  chasm"  from  all  other  animals.  Till  we  arrive  at 
him,  the  difference  is  one  of  degree,  for  the  most  part  But  in 
his  case  it  is  a  difference  of  hind,  and  a  very  wide  one.  Of 
such  a  difference  the  naturalist  should  certainly  take  very  dis- 
tinct cognizance ;  and,  if  it  be  not  consistent  for  him  to  do  so 
in  his  classification,  great  force  and  prominence  should  be  given 
to  thede  views  ii^  his  instructions  on  this  subject    As  the  super- 
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adding  of  the  nervous  system  separates  the  animal  from  the 
plant,  so,  also,  as  Professor  Guyot  very  justly  maintains,  the 
superadding' of  such  endowments  as  we  &id  in  man  separates 
him,  by  a  chasm  quite  a^  ^^  impassable,"  from  other  animals. 

44.  The  distinction  commonly  received  as  -the  ground  of 
oiassification  for  man,  I  have  sud,  is  a  trivial,  perhaps  a  ques- 
tionable one.  He  is  said  to  have  two  hands,  and  so  makes  the 
order  Bimana ;  while  apes  and  monkeys  are  said  to  have  four 
hands,  and  are,  therefore, .  considered  as  making  the  order 
Quadrumana.  Now,  if  we  observe  carefully  and  fiilly  the  won- 
derful endowments  of  the  himian  hand,  we  shall  hardly  be 
willing  to  allow  that  monkeys  and  apes  have  four  such  mem- 
bers. With  a  full  view  of  the  capabilities  of  the  human  hand, 
those  members  can  not  be  considered  as  hands,  but  as  members 
possessing  some  of  the  properties  of  both  hands  and  feet. 
They  are  ^ven  to  these  animals  to  enable  them  to  climb  with 
facility,  and  to  grasp  their  food ;  and  they  have  none  of  that 
infinite  variety  of  motion,  which  is  so  striking  a  peculiarity  of 
the  hand  of  intelligent  manr.  The  ground  upon  which  they 
are  said  to  have  four  hands  is  that  which  is  thus  stated  by 
Cuvier.  "That  which  constitutes  the  hand^  properly  so  called, 
is  the  faculty  of  opposing  the  thumb  to  the  other  fingers,  so  as 
to  seize  upon  the  most  minute  objects."  No  animal  besides 
man  has  this  arrangement,  except  the  Quadrumana.  It  is 
claimed,  therefore,  that  they  have  hands,  although  they  are 
very  imperfect  when  compared  witli  the  hand  of  man.  The 
imperfection  is  indeed  so  great,  as  to  make  us  at  least  reluc- 
tant to  admit  the  claim  set  up  by  the  naturalist.  "  While," 
says  Carpenter,  "  the  thumb  in  the  numan  hand  can  be  brought 
into  exact  opposition  to  the  extremities  of  all  the  fin^rs,  whe- 
ther singly  or  in  combination,  in  those  Quadrumana  which  most 
nearly  approach  man,  the  thumb  is  so  short,  and  the  fingers  so 
much  elongated,  that  their  tips  can  scarcely  be  brought  into 
opposition,  and  the  thumb  and  fingers  are  so  weak,  that  they 
can  never  be  opposed  to  each  other  with  any  degree  of  force. 
Hence,  althou^  admirably  adapted  for  clinging  roimd  bodies 
of  a  certain  size,  such  as  the  small  branches  of  trees,  <!^c.,  the  ex- 
tremities of  Uie  Quadrumana  can  never  seize  any  minute  object 
with  such  precision,  nor  support  large  ones  with  such  firmness, 
as  are  essential  to  the  dexterous  performance  of  oporations  for 
which  the  hand  is  admirably  adapted."  Indeed,  what  is  called 
the  thumb  of  the  Quadrumana  is  so  short  and  slender,  that  Eus- 
tachina,  the  anatomist^  very  properly  said  that,  regarded  as  ill' 


80  HtJMAN  PHYSIOLOGY. 

Other  peeuliaritiflt.    Chin.    Erect  poctme.    Weepinf  aod  Uvfhinf . 


imitation  of  the  thumb  of  man,  it  is  a  ridiculous  affair.  I^ 
then,  we  take  into  view  the  extensive  and  varied  capabilities  of 
the  human  hand,  we  must  agree  with  Sir  Charles  Bell,  when 
he  says  that  ^^  we  ought  to  define  the  hand  as  belonging  exclu- 
sively to  man."  This  view  of  the  subject  has  alwajrs  impressed 
itself  upon  the  minds  of  ^ute  observers  in  all  ages.  Aristotle 
said,  that  man  alone  possesses  hands  deserving  of  the  name. 
Anaxagoras  said,  that  *^  man  is  tlio  wisest  of  animals,  because 
he  possesses  hands."  And  the  opinion,  thus  uttered  by  these 
philosophers  some  centuries  before  the  Christian  era,  is  fully 
echoed  at  the  present  time. 

45.  It  would  seem,  then,  that,  if  mere  organization  be  ad- 
hered to,  as  the  basis  of  classification,  it  is  desirable  that  some 
ground  of  distinction  in  relation  to  man  be  fixed  upon,  which 
is  more  definite  than  the  commonly  received  one.  It  is  to  be 
remembered,  however,  that,  in  classification,  some  one  very  ob- 
vious peculiarity  that  presents  itself  to  the  eye  is  ordinarily  ^ 
made  use  of  as  a  mark  of  distinction,  while  accurate  and  full 
discriminations  are  followed  out  •entirely  separately  from  the 
mere  classification.  This  is  done  in  the  case  of  man.  His 
structure  differs  in  many  respects  from  that  of  the  inferior  ani- 
mals. It  would  make  this  chapter  too  long  to  point  out  all 
the  differences.  Some  of  them  are  important,  while  others  are 
not  As  an  example  of  the  latter,  I  will  mention  the  fSact,  that 
no  animal  but  man  has  a  chin.  Every  other  animal  has  its 
lower  jaw  retreating  from  the  teeth,  instead  of  projecting  for- 
ward below,  as  in  man.  One  of  the  most  important  and  strik- 
ing peculiarities  of  man's  structure  is  that  general  arrangement 
which  enables  him  to  be  in  the  erect  posture.  No  other  animal 
naturally  assumes  this  posture,  or  is  able  to  maintain  it  for  any 
leneth  of  time ;  and  most  animals  assume  one  which  is  en- 
tirely the  opposite  of  this.  Even  the  monkey,  when  taught  by 
man  to  stand  and  walk,  is  by  no  means  erect;  but  his  lower 
limbs  are  crooked,  and  the  moment  that  he  escapes  the  neces- 
sity of  beinff  an  imitator,  he  is  on  all  fours.  There  is  a  distinc- 
tion of  an  mteresting  character,  which  concen|^  both  the  ner- 
vous and  muscular  systems.  I  refer  to  the  fact,  that  no  animal 
but  man  can  shed  tears,  or  perform  those  muscular  motions 
which  are  necessary  to  the  acts  of  weeping  and  laughing.  In 
view  of  this  marked  distinction,jiian  has  sometimes  been  desig- 
nated as  "  a  laughing  and  cr3nng  animal." 

46.  But  the  great  essential  distinctions,  to  which  all  the  rest 
we  really  tributaty,  are,  as  I  have  before  stated,  of  a  mental  or 
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spiritual  character.  And  these  should  always  be  made  peculi- 
arly prominent,  whenever  the  distinctions  between  man  and 
the  inferior  animals  are  treated  of  by  the  naturalist  This 
should  bo  done,  not  only  because  they  are  essential,  but  also 
because,  as  I  have  just  hinted,  all  other  distinctions  are  subor- 
dinate and  tributary  to  them.  It  is  the  mental  peculiarities  of 
man,  for  the  most  part  at  least,  that  render  necessary  those 
peculiarities  which  distinguish  his  o^nization  from  that  of 
other  animals.  I  will  not  dwell  on  this  point,  as  I  shall  speak 
of  it  in  another  part  of  this  book. 

47.  In  view  of  this  whole  subject,  it  may  be  said,  that  the 
classification  upon  which  I  have  commented  is  not  of  itself  of 
very  great  importance,  provided  that  the  definite  distinctions, 
which  have  been  pointed  out  as  existing  between  man  and 
other  animals,  be  clearly  recognized  by  the  naturalist  The 
tendency,  however,  evidently  is,  to  lose  sight  of  these  distinc- 
tions in  the  exclusive  regard  which  is  paid  to  mere  material 
organization.  This  tendency,  it  is  true,  is  eflfectually  counter- 
acted in  the  case  of  the  great  majority  of  scientific  men,  by 
the  comprehensive  and  Christian  views  which  they  take  of  the 
whole  subject ;  but,  still,  it  manifestly  exists,  and  gives  rise  to 
many  sceptical  notions,  especially  in  superficial  and  theorizing 
observers.  Great  care,  then,  should  be  taken  to  oppose  this 
tendency  in  all  public  teaching  on  this,  subject,  whether  it  be 
done  by  books  or  lectures. 

48.  There  is  a  disposition,  on  the  part  of  some  writers,  to 
obliterate  the  grand  distinction  between  man  and  the  inferior 
animals,  and  other  distinctions  which  are  stamped  by  the  Cre- 
ator upon  his  works.  Some  go  so  far  as  to  maintain,  that  there 
is  not  only  no  line  to  be  drawn  between  the  animal  and  the 
vegetable  kingdoms,  but  none  even  between  organized  and  un- 
organized substances.  Robinet,  and  many  other  European 
authors,  teach  that  all  matter  has  living  properties,  and  that 
every  object  that  we  see,  whether  mineral,  vegetable,  or  animal, 
is  the  result  of  repeated  and  progressive  efforts  of  nature.  The 
ultimate  aim  of^tnese  efforts  is  considered  to  be  the  formation 
of  man,  who  is  looked  upon  as  the  perfection  of  organization 
evolved  by  these  efforts.    In  advocating  this  theory,  mej  make 

rt  use  of  resemblances  and  analogies,  and  even  represent 
fantastic  shapes  which  minerals  sometimes  assume,  from 
their  slight  resemblance  to  parts  of  the  human  body,  '*  as  so 
many  proofs,''  in  the  language  of  Carpenter,  **  of  this  long  and 
bimgliiig  apprenticefihip  of  nature  to  man-making.''    Altboo^ 
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such  ridiculous  doctrines  are  seldom  formally  advanced,  there  i« 
a  disposition  in  many  scientific  men  to  indulge  in  speculatioDS 
which  have  more  or  less  resemblance  to- them.  They  seem  dis- 
posed to  confuse  with  the  veil  of  mystic  scepticism  the  clear 
characters  which  Grod  has  imprinted  upon  tno  manifestatioDs 
of  his  power.  It  is  well,  therefore,  to  fix  these  characters 
definitely  in  the  mind,  in  order  to  guard  against  the  fascinating 
and  bewildering  speculations  of  a  false  science.  A  true  science^ 
forsaking  the  mazes  of  speculation,  and  inquiring  only  for  the 
facts,  reads  with  admiration  and  reverence  the  clear  lines  of 
God's  handiwork,  and  attributes  to  no  imaginary  agency,  termed 
Nature,  what  bears  the  marks  of  exquisite  design  and  Almighty 
pQwer. 

49.  An  idea,  somewhat  akin  to  that  of  Robinet,  is  sometimef 
entertained,  viz.,  that  the  varieties  .in  the  mineral,  vegetabliBy 
and  animal  kingdonis  are  mere  gradations  in  nature.  There 
would  be  some  plausibility  in  this  notion  if  it. were  difficult  to 
distinguish  the  minerals  of  the  most  perfect  kind  from  the  lowest 
plant,  and  then  the  plants  of  the  highest  order  from  the  lowest 
apimal.  But  the  difficulty  lies  in  other  quarters.  The  most  per* 
feet  in  the  three  kingdoms  are  distinguished  from  each  other  in 
the  most  marked  manner ;  and  it  is  only  when  the  characteiv 
istic  qualities  are  the  least  developed  that  tliere  is  any  difficulty. 
One  kingdom  is  a  no  more  perfect  formation  than  another. 
The  crystal,  with  its  exact  lines  and  angles — tlie  plant,  with 
its  curvilinear  and  less  definite  shapes — imd  the  symmetrical 
animal,  are  equally  perfect  in  their  kind.  Each  is  made  for 
a  definite  purpose,  and  is  perfectly  adapted  to  that  purpose. 
In  none  is  there  any  imperfection  which  could  be  remedied  by 
endowments  taken  from  anotlier  kingdom  of  nature.  In  the 
vast  variety  of  forms  which  nature  pre.sent<5,  there  is  to  be  seen 
no  vain  struggling  after  a  higher  and  better  state.  There  is  no 
progressiveness,  aiming  at  an  ideal  perfection.  Neither  are  there 
gradations  leading  to  it.  All  the  works  of  the  Creator  are  per- 
fectly adapted  to  the  spheres  which  they  fill.  They  were  all, 
from  '*  man,  made  in  His  image,"  down  to  the  humblest  ani- 
mal or  plant,  pronounced  to  bo  "  very  good,"  as  they  came 
from  His  hand. 

60.  Let  me  not  be  understood  to  say  that  there  are  no  gra- 
dations in  nature.  There  are  some  of  a  very  int^ircsting  char- 
acter ;  but  they  do  not  obey  any  such  laws  as  those  which  are 
indicated  by  llobinet  and  otlier  fanciful  theorizers.  There  are 
gradations  in  both  the  animal  and  vegetable  world.    Ton  ob' 
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aenre  them  as  you  go  from  the  simplest  plant  up  to  the  most 
complicated.  And  so  of  animals.  But  these  two  kingdoms 
of  nature  are  separate  in  their  gradations^  and  are  not  in  one 
series  together,  as  is  represented  by  Bobinet  And  the  grada- 
tion in  each  kingdom  is  by  no  means  an  unbroken  and  regular 
one^  going  up,  step  by  step,  from  the  lowest  to  the  highest 
For  example,  in  the  animal  kingdom,  there  are  not  constant 
and  regular  additions  made,  as  you  trace  the  gradations  up- 
ward. And  though  man  stands  at  the  top  of  the  series,  it  is 
not  as  a  compound,  made  up  of  all  the  excellencies  found 
below  him,  with  additional  excellencies  peculiar  to  himself. 
Superior  as  he  is,  as  a  whole,  to  all  other  animals,  yet  in  some 
respects  he  is  inferior  to  many  of  them.  He  is  inferior  to  them 
in  the  wonderful  capabilities  of  instinct  Some  animals  can  do 
some  things  better  than  ho  can.  The  monkey  is  a  better 
climber.  Some  animals  can  do  what  he  can  not  Birds  and 
winged  insects  fly,  but  he  can  not  These  points  could  bo 
illustrated  to  any  extent,  but  this  will  suffice. 

61.  Man  is  often  spoken  of  as  being  the  most  perfect  of  ani- 
mals. This,  as  you  will  see  from  what  was  said  in  a  previous 
paragraph,  ia  not  true  in  the  strict  sense  ^of  the  word.  His 
organization  is  more  complicated,  and  he  has  more  and  Jiigher 
endowments  than  any  otiier  animal ;  but  the  perfection  of  struc- 
ture, and  of  adaptation  in  contrivance  to  Uie  purposes  aimed 
at,  is  as.  manifest  in  all  the  varieties  of  aniinals  as  it  is  in 
man. 

62.  In  one  respect,  there  is  a  gradation  existing  through  the 
three  kingdoms  of  nature.  It  is  in  regard  to  formation  or  nu- 
trition. All  the  elements  which  are  found  in  the  composition 
of  animals  exist  in  the  mineral  world.  But  these  elements, 
witli  very  few  exceptions,  can  not  be  transmitted  directly  to 
animals,  but  they  are  transmitted  indirectly  through  vegeta- 
bles. No  animal,  therefore,  can  live  on  mineral  substances, 
although  these  substances  contain  all  Uie  elements  found  in  its 
composition.  But  vegetables  draw  their  nutriment  from  the 
mineral  world,  and  then  furnish  nutriment  to  animals.  There 
is,  therefore,  in  relation  to  formation,  a  gradation  running 
through  the  three  kingdoms,  from  the  mineral  up  to  the  aui- 
md. 

53.  At  the  summit  of  the  last  step  in  this  gradation  staiw''' 
man.     To  him,  not  only  is  the  animal  kingdom  tributary,  T 
so,  also,  are  the  mineral  and  vegetable  kingdoms.    They  are 
made  for  him,  to  beautify  and  gladden  this  his  temporary-hoii- 
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and  to  sustain  him  in  it  The  subjection  of  them  to  him  was 
undoubtedly  perfect  in  his  primeval  condition  of  innocence  in 
die  garden  of  Eden.*  But  now,  we  see  this  tributary  subjection 
manifested  only  as  a  general  fact,  with  many  exceptions.  These 
mark  this  life  as  the  imperfect  state,  and  this  world  as  the 
temporary  home  of  man,  in  which  he  can  prepare  himself 
for  Uie  perfect  and  everdimng  state  and  home  of  smother  lifo 
beyond. 
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eSNSRAL  YIBWS  OF  PHYSIOLOGY,  WITH  A  BBHS  AOCOUNT  Of  SOU 

OY  TSE  STRUCTURES  IN  THE  BODY. 

• 

54.  Thb  contents  of  the  previous  chapters  are  prelnninarr 
to  the  consideration  of  the  real  subject  of  this  work,  the  Physi'* 
ology  of  Man..  But  they  were  necessary,  in  order  to  aocompnsli 
a  very  prominent  object  which  I  have  in  view.  It  is  my  wish 
that  the  student,  as  he  examines  the  functions  of  the  human 
system,  should  at  the  same  time  observe  the  analogies  existing 
between  man  and  other  living  beings,  in  the  processes  of  life. 
He  will,  in  this  way,  get  an  enlarged  view  of  man  in  his  relar 
tions  to  the  world  around  him,  and  will  be  prompted  to  observe 
the  phenomena  of  life,  in  whatever  department  of  nature  l^ey 
may  be  presented  to  his  view.  And,  in  order  to  promote  uua 
object  effectually,  I  shall,  as  I  proceed  with  the  development  of 
the  phpiology  of  man,  refer  occasionally  to  the  analogous  phe- 
nomena in  other  animals,  and  also  in  plants.  This  will  serve 
to  fix  more  definitely  in  the  mind  of  tlie  student  the  main  facta 
that  are  to  be  communicated,  at  the  same  time  that  the  bound-* 
aries  of  his  knowledge  will  be  extended  over  fields  full  of  in* 
terest. 

55.  This  is  a  work  on  Physiology,  and  not  on  Anatomy. 
Physiology  treats  of  the  offices  or  functions  of  the  different 
parts  of  the  structure,  while  Anatomy  has  regard  to  the  struc- 
ture itself.  In  the  following  pages,  I  shsdl  introduce  the  anat- 
omy of  the  system  only  so  far  as  it  is  necessary  to  elucidate  its 
physiology. 

before  proceeding  to  an  examination  of  the  individual  sub- 
jects which  will  claim  our  attention,  it  will  be  proper  to  present, 
some  general  views  of  them  in  their  relations  as  a  whol'?. 
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6Q,  You  have  seen,  in  the  preliminary  chapters,  that  organ- 
ized living  beings  have  much  that  is  common  to  them  all.  This  is 
true  so  far  as  nutrition  is  concerned.  You  have  seen  that  the 
animal  grows  very  much  as  the  plant  does,  and  that  the 
arrangements  for  its  growth  vary  from  those  of  the  plant  only 
80  far  as  the  difference  of  the  source  of  its  nourishment,  and  of 
the  circumstances  under  which  it  is  obtained,  require.  The 
grand  distinction,  as  you  have  seen,  between  animals  and 
vegetables  is  to  be  found  in  the  functions  belonging  to  the 
ner\'ou8  system.  These  functions  are  wholly  separate  from  the 
nutritive  functions,  which  animals  perform  in  common  with 
plants. 

67.  This  view  of  tlie  subject  suggests  a  natural  division  of 
the  physiology  of  man  into  two  parts,  viz.,  the  nutritive  func- 
tions, and  the  animal  functions,  or  those  connected  with  the 
nervous  system.  In  other  words,  the  first  division  will  com- 
prise all  those  subjeots  which  relate  to  the  building  and  repair- 
ing of  the  human  structure ;  and  the  second  will  comprise  those 
which  relate  to  the  uses  for  which  the  structure  is  made.  The 
first  class  of  subjects  includes  digestion,  circulation,  respiration, 
^rmation,  and  excretion.  The  second  class  includes  locomotion, 
sensation,  the  five  senses,  the  voice,  instinct,  thought,  &c. 

58.  The  student  will  see  at  one  glance,  that  a  wide  range  of 
exceedingly  interesting  subjects  opens  before  him.  Contem- 
plated as  a  mere  mechanism,  the  human  system  is  full  of  won- 
ders. The  principles  of  common  Mechanics,  of  Hydraulics,  of 
Pneumatics,  of  Optics,  of  Acoustics,  are  abundantly  illustrated 
in  the  human  body,  by  contrivances  of  the  most  exact  and  ex- 
quisite adaptation.  But  this  congeries  of  beautiful  mechanisms 
is  all  regulated  by  a  nervous  system,  making  it,  by  its  minute 
fibrils,  to  be  alive  with  feeling  in  every  part  Sensation  and 
sympathy  govern,  through  the  nerves,  in  a  wonderful  manner, 
the  ever-varying  adjustments  of  all  the  parts  of  the  complicated 
system.  It  is  not  only  mechanism,  but  li\ing  mechanism,  that 
develops  to  us  its  wonders,  so  numerous  and  diversified.  And 
then,  when  we  look  at  the  soul — "that  side  of  our  nature 
which  is  in  relation  with  the  Infinite " — connected  as  it  is  by 
the  nerves  with  every  part  of  this  mechanism,  the  interest  of 
the  study  before  us  appears  exceedingly  great^  and  its  variety 
never  ending.  The  study  is  a  peculiar  one.  It  is  not  the  body 
merely  that  you  are  to  study  in  these  pages ;  but  it  is  the  Ixxly 
and  spirit  united.  The  study  differs  from  all  others  in  this 
Tvispcct.     In  other  studies,  you  look  at  either  mattvr  alone,  or 
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spirit  alone ;  but  here  you  look  at  them  both,  as  brought  to- 
gether in  mysterious  union. 

69.  It  will  be  proper,  here,  to  say  something  in  general  of 
the  structure  of  the  human  frame,*  before  proceeding  to  a  par- 
ticular view  of  individual  subjects.  I  do  this  in  order  to  avoid 
a  frequent  turning  aside  for  explanation,  which  would  not  only 
be  inconvenient,  but  would  mar  the  interest  of  the  study.  It 
will  not  be  necessary  to  go  into  a  full  description  of  the  nume- 
rous and  diverse  textures,  or  tissues,  (as  they  are  commonly 
called,)  of  the  body.  I  will  notice  only  some  of  the  principal 
of  them. 

CO.  From  the  osseous  or  bony  tissue,  the  solid  part  of  the 
framework  of  the  body  is  made.  Bone  is  icomposed  in  part 
of  animal  matter,  and  in  part  of  mineral.  The  mineral 
part  is  mostly  phosphate  of  lime.  These  two  parts  of  bone 
Are  in  different  proportions  to  each  other  in  the  different 
periods  of  life.  The  mineral  part  in  the  child  is  about  one- 
half  of  the  bone ;  in  the  adult,  four-fifths ;  and  in  the  old, 
seven-eighths.  The  bones  are  therefore  very  brittle  in  old  age, 
while  they  are  somewhat  yielding  in  childhood.  The  mineral 
and  the  animal  portions  of  bone  can  be  separated  from  each 
other.  If  a  bone  be  put  into  diluted  muriatic  acid,  the  mineral 
part  will  after  a  time  become  united  with  tlie  acid,  and  the 
animal  part  will  be  left,  having  the  perfect  shape  of  the  bone. 
Thus  separated  from  the  mineral  part,  it  is  so  flexible,  that  it 
can  be  tied  into  a  knot  without  affecting  its  shape.  On  the 
other  hand,  by  subjecting  a  bone  £[>r  some  time  to  the  action  of 
heat,  the  animal  part  can  be  removed,  and  the  mineral  part  be 
left  by  itself. 

61.  The  animal  part  of  bone  is  cartilage,  or  gristle.  This 
part  is  formed  first,  constituting  a  sort  of  mould,  in  which  the 
bone  is  to  be  formed.  The  mineral  matter  is  gradually  depos- 
ited in  the  cells  of  the  cartilage.  In  the  very  young  child,  you 
can  see  that  this  process  is  not  completed,  especially  if  you  ob- 
serve the  bones  of  the  head.  The  bones  are  not  united  to- 
gether, as  they  are  in  the  adult ;  and  there  is  so  little  of  mineral 
matter  near  their  edges,  that  they  can  be  bent  with  a  very 
slight  pressure.  The  proportion  of  mineral  matter  which  is 
deposited  in  the  cartilaginous  bones  varies  much  in  differeal 
animals.  In  many  fishes,  there  is  almost  none  of  this  depofli* 
the  skeleton  retaining  its  cartilaginous  character  througboi 
life.  "      -.  ^ 

62.  Be^des  the  cartilaginous  portion  of  bones,  there  ore  OM 
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tilages  whioh  are  deatJiK^d  to  romain  so,  iustcnd  of  bavioff. 
mineral  di?posita  made  in  tbeir  cells.     Tlie  enda.  of  the  bonea 
ore  tip{>ed  with  them.    Tbey  are  {>lBCed  bctwci^n  all  the  twenty-^ 
four  bones  of  the  spinal  column.     The;  form  the  connecting 
links  between  tbe  breastbone  and  the  ribs.     Cartilifge  comti-  - 
tutca  the  body  of  tlio  outer  ear,  of  the  eyelids,  and  of  the   ■ 
loner  part  of  tiie  nme.     The  transparent  part  of  the  ej%  b 
fcirm«l  uf  cartilage.     This  substance  is  jilnet'd  wherever  firm- 
nesn  and  tenacity  are  required  without  hardness. 

03.  The  bones  are  united  together  by  lignmenla  of  varions 
di'grees  of  strength,  according  to  the  necessity  of  the  ewe. 
They  are  mored  by  muscles,  which,  in  man,  are  bundles  of 
reddi«J)  libres.  Musculnr  substance  is  what  is  commoQly  called 
tbe  tneal  in  animals.  It  is  ■of  vurions  colors  in  dilTervnt  Btt^.> 
mals,  or  in  tlie  same  animal  at  diSercot  periods  of  life.  AH. 
motion  in  animals  is  produced  by  muscles.  I  will  not  go  into  J 
an  cxplaoatioti  of  their  action  now,  any  further  than  to  nj,^ 
that  tliey  act  by  contracting  or  shortening  their  fibres.  -Cotu- 
iDonly  there  are  tendons  united  witli  the  muscles.  These 
dons  are  composed  of  strong  white  fibres,  and  liaTe  no  po«t«r 
of  contraction  theui^ulvM.  They  serve  merely  as  the  cords 
by  which  the  oontrauting  muscles  more  tliv  bones  and  oth«r 
parts. 

64.  The  most  common  tiseac  in  the  body  is  whnt  is  caUad 
by  the  names,  cellular  membrane,  cellular  tissue,  and  araolAf 
tissue.  This  laet  name  is  moet  commonly  u^ed  by  phytiiulogiato 
at  the  present  time.  The  word  areolar  comes  from  the  hiiitii 
word  areola,  meaning  a  small  ojien  s]<nc6.  The  term  is  appro-  i 
priate,  because  this  tissue  is  filleit  with  minute  spaces  or  Mlb» 
The  word  cellular  is  quite  as  appropriate ;  and,  as  this  will  ht 
more  familiar  to  you,  I  shall  make  use  of  it  whenever  I  tjult 
Lave  oct^asion  to  speak  of  this  lisiiuc.  That  yoii  may  nnder- 
slaud  what  this  tissue  is,  I  will  refer  yon  to  i'la  appeamnc*  aa 
you  see  it  in  different  meals.  It  is  the  delicate  white  substtutoa 
that  you  see  between  the  different  layers  of  muscle  in  a  piectt 
of  moat.  If  you  notice  particularly,  you  will  see  that  it  is 
also  between  all  the  different  fibres  of  the  muscles.  As  tb« 
spaces  or  cells  communicate  leather,  butchers  sometimes  "bktv 
np"  Ibia  tissue  in  veal,  in  order  U>  make  the  meat  look  more 
plump.  This  tissue  is  the  universal  packing  material  of  th» 
body.  It  is  to  be  found  almost  everywhere.  It  surrouoda 
every  thing, — vessels,  nerves,  muscli's,  organs.  4c.  It  enters 
into  tlieir  uomposttiun,  uniting  together  liiflereut  tissues,  and 
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abo  tlie  fibres  of  the  same  tiaano.  It  variee  much  in  its  «otii- 
pBCtness  in  different  parts.  It  is  very  fine  and  compact  where 
rt  ia  neoeMaiT  that  it  ishould  be  so ;  while  in  otber  easea  it  is 
loose  and  delicate,  allowing  a  free  motion  of  tbe  parts  which  it 
eiiTelop!>  and  connects  together.  It  is  abundant  and  loose 
among  the  rauscl^  and  between  tbem  and  the  skin.  Fig.  2 
represents  a  portion  of  cellu- 
lar tJssue,  inflated  and  dried, 
exhibiting  the  arrangement 
of  its  larger  meshes.  This 
is  magnified  twenty  diame- 
ters. The  free ,  communica- 
tion which  enata  between 
the  interstices  or  cells  in  this  . 
tiasne  is  exemplified  in  drop- 
ay.  These  cells  are  bathed, 
in  the  healthy  state,  with  a 
BmaH  arorfunt  of  a  watery 
fluid ;  and  when  this  in- 
creases largely,  forraing  the 
disease  termed  dropny,  it 
obeys  the  force  of  gravity  in 
the  cells,  and  aceumulates 
most  in  the  lowest  parts  of 
the  lower  extremities.  This 
tisane  is  very  elastic  in  health, 
BO  that  if  you  ]iress  on  the 

akin,  there  is  no  indentation  loft  when  the  presaare  is  taken 
away,  for  the  elastic  cellular  tiaaue  at  once  rises  from  its  state 
of  compresajon,  pushing  the  skin  before  it.  But  iii  dropsy  it 
loses  its  elasticity  by  over  distension ;  therefore  there  is  pitting, 
as  it  is  termed,  after  removing  the  presaure.  We  sometimes 
have  BQ  opportunity  of  seeing  the  communieation  between  tbe 
cells  manifested  by  the  introduction  of  air  into  them.  This  has 
occurred  in  aoide  cases  in  which  an  opening  has  been  made,  by 
disease  or  accident,  from  the  air  tubes  in  the  lun^  into  the  cel- 
lular tissue  in  the  walla  of  the  chest.  Tbe  whole  body  has 
been  seen  laraely  swollen,  tnm  the  air  which  has  from  this 
csoae  accumidated  in  this  tissue  directiy  nuder  tbe  skin. 
Among  the  many  tricks  ot  impoetorai  the  inflation  of  tbe  oel- 
lolar  tissue  of  tbe  bead  has  been  practiaed ;  and  as  it  produoea 
a  frightful  appearance,  and  therefore  excites  pity,  the  trick  is  a 
Tory  BuoceBsfii]  one. 
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Deposit!  of  faU    Iti  luet.    How  kept  ia  its  oeDi.    Moeoui  tii 

65.  There  are  here  aud  there  in  the  cellular  tisBue  deponti 
of  fat.  Various  purposes  are  answered  by  these  deposits.  They 
are  sometimes  of  use  in  promoting  a  free  motion  of  the  adja- 
cent parts.  The  eye  has,  mterveniug  between  it  and  the  bonr 
socket,  a  cushion  of  fat,  on  which  it  rests,  and  against  'whien 
it  is  pressed  when  any  \iolence  is  offered  to  it.  Fat,  as  a  non- 
conductor, is  a  protection  against  the  cold,  and  it  is  therefore 
de}K>sitcd  largely  in  the  cellular  tissue  under  the  skin,  in  ani- 
mals that  inhabit  cold  climates.  Fat,  also,  sometimes  serves  as 
nourishment  to  the  system  when  its  necessities  require  it.  In 
diseases  in  which  food  cannot  be  taken  in  any  amount,  the 
fat  is  absorbed  into  the  system.  The  heat  of  the  body  is 
maintained  also,  in  part,  by  this  process.  This  occurs  in  the 
torpid  condition  of  hybemating  animals.  They  commonly  be- 
come very  fet  in  autumn,  as  a  preparation  for  the  winter,  and 
in  the  spring  they  come  forth  very  lean,  their  store  of  &t  having 
been  used  up  for  the  purposes  of  nutrition  and  heat  during 
their  confinement.  Tlie  fat  Uius  deposited  in  the  cellular  mem- 
brane or  tissue  is  not  diffused  merely  in  the  interstices,  but  it  1B 
confined  in  cells  of  its  own,  which  lie  in  these  interstices.  Mi- 
nute blood-vessels  pass  from  the  fibres  of  the  cellular  tissue  to 
these  fat  cells.  The  fiit,  which  is  an  oily  fiuid,  is  kept  from 
oozing  til  rough  tlie  pores  of  the  cells  that  hold  it  by  the  blood, 
which  is  very  nearly  four-fiflhs  water,  and  by  the  watery  fluid 
which  I  have  spoken  of  as  bathing  nil  the  interstices  of  the 
cellular  tissue ;  for  oil,  you  know,  will  not  pass  through  any 
porous  substance  that  is  wet  with  any  watery  fluid.  If  a  por- 
tion of  cellular  membrane  containing  fat  be  dried,  the  fat,  which 
in  the  moist  state  is  wholly  confined  to  its  cells,  now  oozee 
through  their  pores.  This  is  tlie  reason  that  a  lump  of  fat,  aa 
it  is  called,  feels  so  oily  after  it  has  been  exposed  for  a  while  to 
the.  air. 

66.  The  mucous  tissue  is  that  which  lines  all  the  cavities  of 
the  body  that  have  outlets.  It  lines  the  mouth  and  the  cavities 
of  the  nose,  and  descends  into  the  lungs,  the  stomach,  <fec.  It 
takes  its  name  from  the  fluid  called  mucuSj  which  is  constantly 
secreted  by  innumerable  minute  glands,  that  are  situated  in  the 
substance  of  tliis  membrane.  The  chief  object  of  this  visdd 
fluid  is  to  protect  the  membrane  from  tlie  substances  which 
come  in  contact  with  it,  which  would  otherwise  produce  some 
irritation.  This  membrane  is  continuous  with  tlie  skin,  shading 
off  into  it  insensibly,  as  you  may  obser^'e  on  the  lips. 

67.  The  }>ciuus  ti.ssue  or  membrane  forms  the  outer  coat  or 
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lining  of  nearly  all  thoso  organs  tbc  inner  coat  of  which  is  mu- 
cous membrane.  This  is  the  case  with  the  lungs,  the  stomach, 
and  tho  intestines.  The  serous  membranes  are  white,  smooth, 
and  shining,  and  are  lubricated  with  a  watery  fluid,  called 
serum.  Every  serous  membrane  forms  a  cavity  or  sac  without 
&n  outlet,  diifering  in  this  respect  entirely  from  the  mucous 
membranes.  Thus,  in  the  case  of  the  lungs,  the  serous  mem- 
brane lining  the  outside  of  each  of  these  organs  passes  from 
the  lungs  to  the  walls  of  tlio  chest,  lining  the  inside  of  them, 
md  thus  makes  a  sac  without  an  outlet  for  each  lung.  This 
sac  could  be  ^ssected  off,  and  taken  out  whole.  When  the 
fluid  which  luj^cates  the  inside  of  this  sac  increases  to  any 
extent,  the  disease  called  dropsy  in  the  chest  is  produced.  The 
membrane  which  thus  lines  the  outside  of  the  lungs  and  the 
inside  of  the  walls  of  the  chest  is  called  the  pleura,  and  it  is  the 
seat  of  the  disease  termed  pleurisy. 

68k  I  have  thus  described  some  of  the  principal  of  the  tis- 
sues which  make  up  the  human  structure.  The  other  tissues 
will  be  spoken  of  in  the  proper  connection  as  we  proceed.  Be- 
fore dismissing  this  subject,  I  will  call  your  attention  to  the  fact, 
that  the  orgaus  of  the  body  are  generally  composed  of  several 
tissues  united  together.  Thus,  the  stomach  has  tliree  coats,  as 
they  are  termed, — the  mucous  as  the  inner  coat,  the  serous  as 
the  outer,  and  the  muscular  between  them.*  And  tlien  we  have 
the  cellular  tissue  uniting  these  together.  Besides  these,  there 
are  arteries,  and  veins,  and  nerves,  so  that  the  stomach,  which 
looks  like  a  simple  pouch,  is  really  quite  a  composite  thing. 
And  the  s^ime  can  be  said  of  the  other  organs. 

C9.  Before  entering  upon  the  particular  consideration  of  the 
functions  by  which  the  system  is  built  up  and  kept  in  repair, 
it  will  be  well  to  take  a  general  view  of  them,  that  you  may 
see  them  in  their  coimection  and  mutual  dependence.  Each 
of  these  functions  has  iU  special  and  appropriate  part  to  play, 
in  eflfecting  the  formation  and  repair  of  the  structure.  The 
material  from  which  all  parts  of  the,  body  are  formed  and 
repaired  is  the  blood.  There  are  organs  whose  special  duty  it 
is  to  make  this  material ;  organs  which  distribute  it ;  and  or- 
gans which  use  it  after  it  is  distributed.  There  are  also  organs 
whose  duty  it  is  to  receive  the  Wood  after  it  has  been  used,  and 
fit  it  to  be  used  again.  This  c^jmmon  building  material  of  the 
body  is  made  out  of  the  food ;  and  the  succefssion  of  pfCKjetsei 
by  which  it  is  done  1  will  describe  in  the  next  chapter.  Aft«r- 
it  is  made,  it  is  distributed  by  the  comphcated  apparatus  of  tha' 
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circnlatioD.  This  apparatus  is  therefore  the  comiTion  carrier  of  the 
building  material  of  the  system.  It  Ls  the  numberless  little  form- 
ative vessels,  so  small  as  to  be  invisible  to  the  naked  eye,  that 
use  the  blood  thus  brought  to  them,  and  make  and  keep  in 
repair  all  the  various  structures  tliat  wo  see  in  the  body.  When 
the  blood  has  been  used  by  these  formative  vessels,  it  is  not  fit 
to  be  used  again  until  it  is  submitted  to  a  purifying  process  by 
exposure  to  air ;  and  to  this  particular  object  the  lungs  are  de- 
voted. And  besides  all  this,  as  there  are  conlinually  some  par- 
ticles which,  in  the  wear  and  tear  of  the  machinery,  become 
useless,  and  even  injurious,  they  must  be  got  vid  of  in  some 
way;  and  so  there  are  organs  for  this  purpose — organs  of 
waste,  as  they  are  termed.  It  is  also  to  be  remembered,  that 
the  processes  to  which  I  have  now  alludod  are  so  carried  on, 
that  the  heat  of  the  body,  as  will  be  fully  explained  hereafter, 
is  steadily  maintained.  In  the  following  chapters  of  this  part, 
I  proceed  to  a  particular  examination  of  the  functions  of  which 
I  have  now  given  a  brie^ummary. 


CHAPTER  V. 

DIGESTION. 


70.  I  SHALL  include,  under  the  term  digestion,  all  those  pro- 
cesses which  are  necessary  to  effect  the  separation  from  the 
food  of  its  nutritious  portion,  and  the  introduction  of  it  into  the 
circulation.  A  summary  of  these  processes  may  be  thus  given. 
The  food  is  bi'oken  up  and  ground  in  the  mouth,  and  it  is  at 
the  same  time  mixed  with  the  saliva.  It  is  then  taken  into  the 
stomach,  where  it  is  kept  in  constant  motion,  and  is  under  the 
solvent  action  of  a  fluid  of  a  peculiar  character.  When  it  is 
brought  into  the  right  condition,  k  is  passed  from  the  stomach 
into  the  intestines.  He:re  it  is  acted  upon  by  two  fluids,  the 
bile,  tlie  secretion  of  the  liver,  and  the  secretion  of  another 
gland,  the  pancreas  or  sweet-bread.  These  secretions  have 
some  agency  in  separating  from  the  mass  its  nutritious  portion, 
and  this  is  taken  uj)  or  .ibsorbed,  in  the  form  of  a  milky  fluid, 
by  little  vessels  lying  on  the  surface  of  the  inner  membrane  of  the 
intestine.  Tliese  vessels  unite  together  to  form  a  large  tube, 
and  through  this  the  milky  fluid  is  2>oured  into  the  circulation, 
to  replenish  the  blood. 
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Having  given  this  summary  of  the  processes  ^hich  -make  up 
digestion,  I  proceed  to  speak  of  them  more  particularly  in  the 
order  of  their  succession.  In  doing  so,  I  shall  notice  some  of 
the  points  in  which  other  animals  differ  from  man,  in  regard  to 
these  processes  and  the  arrangements  of  the  apparatus  of  diges- 
tion. 

71.  Mastication  is  an  important  part  in  the  process  of  diges- 
tion. The  teeth,  which  perform  this  act,  are  very  hard  bodies. 
The  body  of  a  tooth  is  composed  of  two  substances.  The  in- 
ner part  is  called  the  ivory,  and  the  outer  is  called  the  enamel, 
which  j  exceedingly  hard.  The  teeth  are  of  different  shapes 
for  difiterent  modes  of  action.  There  are  long  and  pointed 
teeth,  for  tearing;  others,  for  cutting,  which  have  a  sharp  edge; 
and  others,  for  grinding,  having  for  this  purpose  a  broad  and 
irregular  surface.  The  teeth  are  differently  shaped,  in  animals, 
according  to  the  kinds  of  food  which  they  eat.  Thus,  the  her- 
bivorous, or  vegetable-eating  animals,  have  grinding  teeth  to 
bruise  their  food ;  while  the  carnivorous,  or  flesh-eating  animals, 
have  sharp-edged  teeth  and  long-pointed  teeth,  by  which  their 
food  is  torn  and  cut  in  pieces.  And  it  is  to  be  observed,  that 
the  movement  of  the  jaws  always  corresponds  with  the  char- 
acter of  the  teeth.  In  the  carnivorous  animals,  the  motion  of 
the  lower  jaw  upon  the  upper  is  a  mere  up-and-down,  or  hinge- 
hke  motion.  As  they  have  no  grinding  teeth,  there  is  no 
need  of  any  lateral  or  binding  motion.  But  in  the  animals 
that  have  grinding  teeth,  there  is  a  lateral  motion,  to  enable 
them  to  grind.  You  see  this  difference  very  plainly,  if  you  ob- 
serve the  dog  and  the  horse  while  they  are  eating.  In  Fig.  3, 
you  see  represented  the  teeth  of  a  carnivorous  animal.  The 
&ont  teeth  are  long  and  pointed,  for  rending,  while  the  back 
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teeth  have  a  sliaq)  odgo  for  cutting.  Li  Fig  4,  you  soe  repre- 
Bouted  the  broad  and  irregular  grinding  surfaces  of  the  teeth  of 
herbivorous  animals.  In  animals  that  live  on  insectSi  the  teeth 
present  conical  points,  which  press  into  conreeponding  deprea- 
sions  in  the  opposite  jaw,  as  represented  in  Fig.  6.  In  thofle 
tliat  live  on  soft  fruits,  the  teeth  are  rounded,  as  in  Fig.  6. 
These  are  quite  in  contrast  with  the  tearing  teeth  of  the  candv- 
orous,  and  the  grinding  teeth  of  the  herbivorous. 
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72.  There  is  an  arrangement  of  the  enamel  and  the  ivory  in 
the  teeth  of  the  herbivorous  which  oiight  not  to  pass  unnoticed. 
Instead  of  having  tlie  enamel  cover  the  ivory,  as  in  the  teeth 
of  the  carnivorous,  the  two  substiinccs  are  arranged  in  upright 
layers,  as  seen  in  Fig.  4.  The  object  of  this  is  plain.  The 
ivory  wears  away  faster  than  the  harder  enamel,  and,  therefore, 
the  surface  of  the  tooth  always  presents  }>rojocting  hard  ndsee, 
fitting  them  for  grinding  thoroughly.  A  miller  would  say,  that 
these  are  stones  that  never  need  picking. 

73.  So  perfect  is  the  corresiHJiideiice  of  the  teeth  with  the 
kind  of  food  on  which  the  animal  liyos,  that  the  skillful  natural- 
ist can  infer  very  correctly,  from  the  examination  of  tlie  teeth 
of  an  animal  alone,  the  character  of  the  food  on  which  it  lives, 
and  even  the  general  arrangement  of  its  structure.  As  man 
has  the  three  kinds  of  teeth  which  I  have  noticed,  he  is  said  to 
be  omnivorouSy  or  an  eater  of  all  kinds  of  food.  In  him,  the 
front  teeth  are  the  cutting  ones ;  what  are  called  the  stomach 
and  eye  teeth  are  the  tearing  ones ;  and  the  lan^e  back  teeth 
are  shaped  for  grinding.  It  will  be  observed  that  the  tearing 
teeth,  as  they  have  not  a  very  sharp  point,  atul  are  no  longer 
than  the  other  teeth,  have  but  little  power  when  compared  with 
the  long  and  sharp  tearing  teeth  of  a  carnivorous  animal,  as 
seen  in  Fig.  8.    As  man  can  make  nse  of  instruments  to  oat 
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his  food  in  pieces,  he  does  not  need  such  power  in  his  teeth  as 
carnivorous  animals  have.  Allowance  should  be  made  for  this 
in  estimating  the  amount  of  camivorouB  adaptation  in  man. 

74.  There  are  a  few  of  the  Mammalia  tnat  have  no  teeth. 
This  is  the  case  with  the  common  whale.  In  his  case,  instead 
of  teeth,  there  hang  down  from  the  upper  jaw,  as  represented 
in  Fig.  7,  plates  of  a  fibrouB  suletance,  called  whalebone,  which 
have  their  fibres  separated  at  their  free  extremities,  so  as  to 
make  a  sort  of  sieve.  This  is  intended  to  catch  the  litUe  gela- 
tinous animals,  which  the  whale  devours  in  gjjpat  numbers. 
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For  this  purpose,  he  draws  in  the  water,  making  it  to  pass 
through  tliis  sieve,  and  then  expels  it  from  the  nostrils  or  blow- 
holes. Birds,  too,  have  no  teeth.  Their  place  is  supplied 
by  a  contrivance  in  the  stomach  itself,  for  the  breaking  up  of 
the  f<x>d.  This  will  be  described  in  another  part  of  tliis 
chapter. 

75.  While  the  food  is  cut  and  ground  by  the  teeth,  it  is  at 
the  same  time  thoroughly  moistened  by  the  saliva,  which  is 
poured  forth  from  certain  glands  in  the  neighborhood.  There 
are  three  pairs  of  these  glands.  Fig.  9  shows  the  glands  on 
one  side.  The  parotid  gland,  1,  is  the  largest  This  is  sitnatod 
in  front  of  the  lower  part  of  the  ear.  It  is  the  seat  of  the 
swelling  in  the  disease  called  mumps.  Its  duct,  2,  passes  over 
one  largo  muscle  and  between  the  fibres  of  another,  and  pours 
its  contents  into  the  mouth  opj)Osite  the  second  small  grinder  of 
the  upper  jaw.    If  you  press  on  this  part  of  the  cheek,  you  can 
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feel  in  the  inouth  an  incmwed  flow  of  the  ealiva,  The  eub- 
maxilltuy  gland,  3,  is  situated  inside  of  tlie  lon^r  jaw  at  ita 
loner  part ;  aiid  ita  duct,  4,  opcn.i  iuto  tlio  mi>utli  at  the  side 
of  the  frffiDum  of  tlie  tongue.  Tlie  subllnp^ual  gland,  6,  Ilea 
under  tlie  tongue,  and  discharges  its  secretion  hy  a  duct  at  the 
side  of  that  organ.  Those  saliva  factories,  as  we  may  term 
them,  are  in  mucli  mora  active  operation  at  soma  times  tbui 
at  otlicra.  They  are  especially  active  when  wo  are  eiiting ;  and 
it  ia  commonly  estimated  that,  duriug  aa  ordinary  meal,  about 
eight  ounces  of  »aliva  are  poured  into  the  mouth.  This  Urg« 
atnouut  is  wanted  to  mobten  the  fuod  thoroughly  before  it  ia 
Bwallowed ;  and  it  is  supposed,  also,  that  it  has  some  chemical 
influence  iu  preparing  the  food  for  the  action  of  the  gastric 
juice  in  the  stomach.  More  saliva  than  usual  is  needed,  also, 
when  we  are  speaking,  in  order  to  keep  the  parts  ]iroperIy  lubri- 
cated, fur  the  passage  of  the  air  in  and  out  during  speaking 
dries  up  the  saliva  by  evaporation.  And,  accordingly,  the  mo- 
lion  of  the  parts  at  such  times  stimuliites  a  larger  flow,  just  as 
prCKurc  on  the  cheek  will  do  it,  as  before  retn.trkcd.  Tliis 
reault  is  favored  by  the  arrangement  of  the  duct  of  the  parotid 
gland,  which,  as  you  have  seen,  passes  over  one  large  muscle,  arid 
then  through  the  body  of  another.     Chewiog  aay  thing  excit«a 
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an  increased  flow  of  the  saliva ;  and  the  tobacco  chewer  does  a 
real  injury  to  the  salivary  glands,  by  keeping  them  constantly 
in  excessive  operation,  in  addition  to  the  ruinous  effects  of  this 
drug  on  the  system  at  large.  When  he  eats,  these  over-vtrorked 
&ctories  can  not  turn  out  as  good  an  article  as  they  should,  nor 
will  it  be  in  sufficient  quantity.' 

76.  It  is  supposed  that,  be&ddes  the  mere  mechanical  stimu- 
lus of  the  motion  of  the  parts,  the  stimulus  of  sympathy  is  also 
concerned  in  exciting  these  glands  to  increased  action.  The 
glands  are  supposed  to  be  affected  in  this  way  by  the  stimula- 
tion of  the  food  on  the  surface  of  the  mouth,  about  the  orifices  of 
their  ducts.  That  sympathy  does  liave  an  influence  on  their 
secretion  is  evident  from  the  very  &miliar  fact,  that  the  thought 
of  food  will  often,  as  it  is  expressed,  cause  the  mouth  to  water. 

77.  The  fact,  that  these  glands  do  not  all  secrete  tKe  same 
kind  of  fluid,  has  led  to  an  interesting  discovery  in  relation  to 
them.  The  submaxill^  glands  secrete  rather  a  viscid  fluid, 
while  that  which  is  {)Oured  forth  by  the  parotid  and  sublingual 
glands  is  perfectly  limpid.  Now,  it  has  been  found,  by  various 
observations  and  experiments  on  animals,  that  while  the  teeth 
are  cutting  and  grinding  the  food,  and  the  parotid  and  sub- 
lingual glands  are  pouring  out  the  saliva  to  moisten  it,  no  secre- 
tion comes  from  tne  submaxillary  glands.  But  these  glands 
pour  out  their  viscid  fluid  the  moment  that  the  tongue  thrusts 
the  food  back  towards  the  throat,  in  the  beginning  of  the  act 
of  swallowing.  The  special  object  of  this  viscid  fluid  is  then  to 
cover  the  food,  so  that  it  may,  to  use  a  common  expression,  slip 
down  easily  into  the  stomach ;  and  it  has  nothing  tp  do  witn 
the  moistening  of  the  food,  this  being  the  particular  office  of 
the  other  two  pairs  of  glands. 

78.  When  the  food  has  been  ground  by  the  teeth,  and 
moistened  by  the  saliva,  it  is  carried  by  the  act  of  swallowing 
into  the  stomach.  This  act,  simple  as  it  appears  to  you,  is  a 
very  complicated  one,  and  is  performed  by  the  conjoined  and 
agreeing  action  of  many  different  muscles.  The  food  is  first 
thrust  back  over  the  surface  of  the  tongue  into  the  large  cavity 
in  the  back  of  the  throat,  called  the  pharynx.  In  the  pharynx 
are  the  openings  of  two  tubes — the  oesophagus  or  gullet,  which, 
is  the  passage  into  the  stomach,  and  the  trachea*  or  windpipe, 
the  passage  to  the  lungs.      As  the  oesophagus  lies  behind  the 
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*  This  term  i*  Boinetimet  used,  ai  here,  to  meao  the  whole  of  the  tube  conducting  to 
the  lung*,  includinf  the  larynx,  which  is  at  the  top  of  this  tube,  and  tometimes  it  li 
•rtrtctMl  ta  that  part  «r  the  tube  which  is  below  the  larynx. 
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trachea,  the  fowl,  in  nnwinfi;  to  it,  tniist  go  directly  over  t]ift 
opening  ioto  the  traclien.  To  prevent  tlio  food  from  entering 
tlie  trachea,  therefore,  there  ia  a  little  tongae-Bhaned  body, 
called  the  epiglottis,  extending  bnck  from  the  root  of  the  ton^i^ 
and  acting  as  a  lid  to  the  glottis,  the  opening  into  the  trachea. 
When  vro  are  swallowing,  this  lid  ia  shut  down ;  but  it  is  alwan 
raised  up  when  we  aro  brcAtliing  or  speaking.  When  we  swal; 
low,  not  only  does  the  lid  shut  down,  but  the  larynx  rises  to 
meet  the  lid,  as  you  may  readily  perceive,  if  you  place  your 
fingers  upon  what  ia  called  Adam's  apple  while  you  are  swal- 
lowing. With  the  aid  of  Figures  10  and  11,  all  this  will  bs 
very  clear  to  you.  In  Fig.  10,  you  have  a  side  I'iew  of  tho 
parts  enga^d  in  swallowing,  as  if  the  head  were  divided  into 
two  halves  by  a  vertical  section.  At  f,  is  tlie  cavity  of  the  nos- 
tril; at  h,  are  tho  lips;  a  is  the  divided  bone  of  the  chin; 
6  is  the  tongue,  between  which  aiul  tho  spinal  column,  /,  is  the 
large  cavity  of  the  pharynx.     Id  front  of  this  cavity  hangs  the 
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palat*-,  ff,  as  a  door  or  valve,  to  direct  tho  air  coming  from  tfa« 
trachea,  d,  cither  through  the  month  or  through  the  no^trila, 
acconUng  to  its  position.  The  ccsophagiis,  e,  in  behind  the  tra- 
chea, and  the  cj)iglottis,  c,  shuts  down  when  we  swallow,  to  let 
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the  foo<I'  pass  over  it  into  tlie 
(esophagus.  In  Fig.  1 1,  you 
have  a  viow  of  the  same  parts 
from  th'o  rear.  At  1, 13  a  seo- 
tioD  of  the  bones  at  the  boM  of 
the  ttkutl ;  3,  3,  are  tho  cavities 
L>f  the  nostrils;  2,  2,  the  walls 
of  the  phfirynx  spread  apftrt;  6, 
the  pendulous  palaUi;  8,  6,  the 
arcli  of  the  palate ;  8,  the  root 
of  tho  tongue ;  0,  the  epigloftia, 
and  10,  the  glottis,  or  openiog 
iiito  the  larfDx;  13,  the  oeso- 
phagus; 14,  the  trachea.  The 
pharynx,  you  sec,  is  a  ftinnel- 
ahapcd  cavity,  tapering  down  to 
the  cesophagus,  the  opening  of 
which  is  considerably  below  the 
Opening  of  the  trachea. 

70.  When  the  food  enters  the 
(Esophagus,  it  is  carried  through 
that  tube  into  the  stomach  by  the  ac- 
tion of  muscular  libres.  These  fibres 
are  re]iresented  ia  Fig.  12.  The  cir- 
cular fibres  are  seen  at  a  and  6.  These 
are  removed  at  r,  so  as  to  show  the 
longitudinal  fibres.  It  is  by  the  con- 
sent of  action  between  these  different 
sets  of  fibres  that  the  food  ia  propelled 
tbrough  tlie  (Bsophagus.  As  the  food 
de8ccu(k,  a  dilatation  of  the  circular 
fibres  roust  everywhere  take  place 
where  tho  food  is,  and  a  contraction 
of  them  iminediately  behind  it — the 
dilatation  making  tbe  way  for  it,  and 
the  contraction  forcing  it  along.  And 
in  animab  that  chew  tho  cud,  these 
actions  must  be  reversed  whan  the  ball 
of  fbtxl  is  forced  up  through  the  oesoph- 
agus into  tho  mouth. 

80.  The  food  being  introilucod  into 
tSe  stomach,  is  hero  subjected  to  the 
■ctioQ  of  the  gastric  juice.     This  it 
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peculiar  fluid,  somewhat  acid  in  its  character,  which  i 
hj  very  miaut^  follicles,  or  bag-like  cavities,  situated  i 
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stance  of  the  mucous  niPmbraae.  Ordinarily  there  is^one  a 
this  fluid  in  the  BtomacU  when  there  is  no  food  there.  Di 
Beaumont  made  some  very  interesting  obeervations  on  this,  SL 
well  aa  many  other  poims,  in  the  remarkable  case  which  fett  A 
under  his  care.  The  individual,  Alexis  St.  Martin,  received  a  j 
wound  in  his  left  side  by  ttie  bursting  of  n  gun.  The  wound,  . 
which  opened  into  the  stomach,  never  entirely  closed,  but  an 
orifice  remained,  after  the  heHling  process  had  dona  all  that  it 
could.  Through  this  orifice,  Dr.  Beaumont  could  look  into  the 
Btomach,  and  obsen*e  what  was  going  on  there.  He  describes 
the  mucous  membrane,  in  its  licnltLy  state,  as  having  a  velvet- 
like appearance,  with  a  pale  pink  color,  and  as  being  covered 
with  a  very  thin,  transparent,  viscid  mucus.  On  introdudog 
some  food,  or  irritating  the  mucous  membrane  mechanicallv, 
he  saw,  by  the  wd  of  a  Tnagnifying  glass,  "innumerable  load 
points"  projecting  on  the  surface,  and  from  these  there  exuded 
»  pure,  hmpid,  colorless  fluid.  Those  points  were  the  follicle* 
which  secrete  the  gastric  juice,  now  rendered  turgescent  by 
being  stimulated  to  action. 

81.  The  amount  of  gastric  juice  secreted  is  generally  about 
in  proportion  to  the  amount  of  food  which  the  necessities  of  tbe 
system  require.  When  the  quantity  of  food  taken  is  very 
much  more  than  is  required,  there  can  not  be  a  sufficient 
amount  of  gastric  juice  secreted  to  digest  all  of  the  fijod ;  wai 
some  of  the  food  most  therefure  remain  undigested,  and  will  prore 
a  source^  irritation  to  the  stomach.  If  the  amount  of  (bod 
taken  from  day  to  day  is  not  very  exo^asive,  but  is  only  a  litUe 
above  the  proper  quantity,  there  will  be  enough  of  the  gastrio 
juice  made  to  digest  it ;  but  the  daily  overtaxing  of  the  pow- 
ers of  the  seoretiug  follicles  will,  after  a  while,  piuduce  derange- 
ment in  the  stomach,  and  perhaps  permanent  disease. 

82.  The  action  of  the,  givstric  juice  upon  the  food  is  of  ■ 
chemical  nature.  In  order  that  it  may  act  effeetually  on  all 
portions  of  the  contents  of  the  stomach,  this  organ  is  ke^tt  in 
oonstant  motion  by  llie  fibres  of  its  muscular  coat  These  6braa 
are  so  arranged  that,  as  they  contract  and  relax,  they  keep  up 
a  sort  of  churning  of  the  contents,  and  thus  effect  a  Ihoron^ 
mixture  of  them  with  the  gastric  juice.  In  Fig.  13,  you  aai  , 
these  fibres  represented.     At  I,  is  the  opening  of  the  cesopl)*-  J 

into  tbe  stomach  ;  and  at  4,  is  ihe  part  which  opens  ints  | 
le  intestine.     The  fibres  are  in  different  layen,  running  ig 
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different  directions.  Tbe  outer  perilonenl  coat,  S,  6,  is  dissectad 
off  and  tnmed  back,  showing  some  of  die  fibres  that  run  length- 
wise of  the  organ,  6 ;  and  some  of  them  transvene,  7  ;  and 
others,  8,  that  run  obliquely.  You  can  readily  see  what  efiect 
the  contraction  of  these  di^rent  fibres  will  have  on  the  shapa 
ti  the  stomach.  The  contraction  of  the  longitudinal  fibres,  6, 
brings  the  large,  bulging  end  of  the  stomach,  2,  and  the  small 
end,  3,  nearer  t^etber.  The  transvetse  fibres,  when^they  con- 
tract, dimioieh  the  capacity  of  the  stomach  transversely.  And 
the  oblique  fibres  modify  these  two  motions  by  their  oblique 
action. 

83.  By  the  combined  chemical  and  mechanical  action  of  the 
stomach,  its  contents  are,  after  a  little  time — in  three  or  foor 
hours — reduced  to  an  uniform,  greyish,  semi-Quid  mass,  called 
ehymt.  While  this  process  has  been  going  on,  the  communi- 
cation between  the  stomach  and  the  intestines  has  been  entirely 
closed  by  a  valve,  called  the  pylorus.  This  is  represented  at  6, 
in  Fig.  14,  which  presents  a  view  of  the  mside  of  the  stomach. 
This  valve  is  made  of  a  fidd  of  both  the  mucous  and  muscular 
coata  of  the  stomach.  It  is  a  very  &ithfnl  seutioel,  as  is  indt 
cated  by  its  name,  which  is  derived  from  two  Greek  words,  s^ 
nifying  to  guard  the  gtUe.  It  wiH  not  ordinarily  pennit  a» 
wd^inled  food  to  pwa  it    While  the  prooe«e  of  dig«&n^ 
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going  on,  the  motjons  produced  by  ttic  muscular  fibres  c&OM 
the  cotitenti  to  move  about,  and  of  course  tbi^y  are  thrown' 
against  the  pylorus,  as  well  as  any  otlior  part  of  the  stomach. 
But  the  valvu  remains  closed,  until  bouio  portiou  roiues  against 
it  that  is  thoroughly  changed  to  chyme,  nnd  is  therefore  fit  to 
puss  on  into  the  iDtestine.  It  then  opcux  to  let  this  pun,  and 
it  does  80  for  any  other  portions  Ili.it  have  become  chyme. 
Toward  the  concluRion  of  the  digcBtJon  of  ft  hicbI,  small  qnan- 
tities  ]irins  at  first,  tind  afler  a  while,  the  contents  pass  quite 
rapidly  th rough  tlie  valve. 

84.  Although  this  sentinel -valve  thus  performs  its  duty  so 
&ithfully  in  relation  to  nutritive  sulwtanci.'S,  it  seems  to  let  other 
substances  pass  veiy  n-adily.  Solid  sulwtances,  swallowed  by 
mUtahe,  as  button!),  pieces  of  money,  the  pits  and  skins  of  vari- 
ous fruits,  often  jiass  the  valve  without  any  trouble.  The  val™ 
seems  to  be  on  duty  as  a  sentiocl  only  auriog  the  prooen  of 
digestion ;  and,  if  the  attempt  to  go  throneb  witli  tnis  prooen 
prove  unavailing,  the  pylorua,  though  it  let  such  har^  snb- 
staucas  as  I  have  mentioned  pass  without  difficulty,  resists  thv 
passage  of  the  undigested  food,  sometimes  causing  much  nn- 
rasiness,  and  even  perhaps  pain,  by  so  doing.  In  such  a  case^ 
cither  the  valre  after  a  time  gives  over  its  resistance,  w,  hol^ 
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ing  out,  the  action  of  the  stomach  is  reversed,  and  the  offendiDg 
matter  is  thrown  off  by  vomiting. 

85.  It  is  not  a  litUe  amusing  to  read  the  different  theories 
which  were  formerly  broached  to  explain  the  process  of  diges- 
tion. Some  supposed  it  to  be  a  concoction,  heat  being,  in  their 
view,  the  chief  agent ;  some,  a  kind  of  putrefaction  ;  some,  a 
chemical  solution ;  some,  a  trituration ;  and  some,  a  process 
dependent  upon  the  action  of  the  nerves.  Of  these  various 
theories,  the  celebrated  Hunter  playfully  remarked:  '*To  ac- 
count for  digestion,  some  have  maide  the  stomach  a  mill ;  some 
would  have  it  to  be  a  stewing-pot,  and  some,  a  brewing-trough ; 
vet,  all  the  while,  one  would  have  thought  that  it  must  have 
been  very  evident  that  the  stomach  was  neither  a  mill,  nor  a 
stewing-pot,  nor  a  brewing-trough,  nor  any  thing  but  a  sto- 
mach,^ All  these  theories  are  now  done  with ;  and  it  is  pretty 
well  ascertained,  that  digestion  is  a  chemical  process — ^in  part  a 
solution,  and  in  part  a  fermentation — and  that  n^echanical 
agency  is  employed  only  for  the  purpose  of  thoroughly  exposing 
the  food  to  the  action  of  the  gastric  juice. 

86.  The  process  of  digestion,  as  it  has  been  described,  is  a 
regular  process,  requiring  a  certain  average  period  of  time  for 
its  completion.  If,  during  the  progress  of  it,  fresh  food  be  in- 
troduced, its  regularity  is  broken  in  upon,  and  the  process  fails 
to  be  well  done.  Then,  too,  if,  immediately  after  the  completion 
of  the  process,  a  new  supply  of  food  be  taken,  harm  is  done, 
because  the  organ  has  not  its  needed  interval  of  rest  For 
these  reasons,  the  practice  of  eating  between  meals  is  a  very 
injurious  one.  Eating  fast  does  harm,  because, — 1st,  the  food  is 
not  sufficiently  ground ;  2d,  it  is  not  mixed  thoroughly  with  the 
saliva ;  and,  3d^  more  food  is  taken  than  would  be  sufficient  to 
satisfy  the  hunger  if  the  •  individual  ate  slowly,  and,  therefore, 
more  than  can  be  easily  digested.  Great  variety  in  food  stimu- 
lates the  appetite  unduly,  and  too  much  is  consequently  eaten. 
Exercise  facilitates  digestion,  if  it  be  not  violent.  An  experi- 
ment was  once  tried  upon  two  dogs,  which  was  thought  to 
prove  that  exercise  hindered  digestion.  Two  dogs  were  fed 
freely,  and  while  one  was  left  to  Ue  still,  the  other  was  made  to 
run  about  violently.  Both  dogs  were  killed  af^er  an  hour  or 
two,  and  it  was  found  that,  while  digestion  had  gone  on  thor- 
oughly in  the  dog  that  was  allowed  to.  remain  quiet,  in  the 
other  the  food  was  undigested.  This  only  proved  that  violent 
exercise,  taken  immediately  after  eating,  impedes  digestion.  Il 
has  been  founds  on  the  other  hand,  that  light  exercise  pio* 
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motes  the  process ;  and  daily  experienoe,  among  laborers,  shows, 
that  very  strong  exercise  docs  not  interfere  with  it,  if  a  litUe 
interval  of  rest  be  allowed,  so  that  the  process  may  be  faarlj 
begun. 

67.  The  sensation  of  hunger  has  been  attributed  to  variona 
causes, — as  the  empty  state  of  the  stomach,  the  presence  of  the 
gastric  juice  irritatmg  the  mucous  membrane,  4?c.  It  cannok 
arise  from  emptiness ;  for,  if  it  were  so,  it  should  occur  sooner 
than  it  does  after  eating,  and  it  should  not  be  absent  in  dis- 
ease, as  it  often  is  for  a  long  time,  when  the  stomach  is  almost 
entirely  empty.  It  can  not  arise  from  the  irritation  of  the  gas- 
tric juice ;  for  it  was  found  by  Dr.  Beaumont,  in  his  obscurva- 
tions  of  the  stomach  of  Alexis  St  Martin,  that  this  fluid  is  not 
secreted  till  after  food  is  introduced  into  the  stomach.  The 
cause  of  hunger  is  evidently  in  the  state  of  the  system.  It  is 
a  state  of  want  Nutriment  is  needed  by  the  formative  vessels^ 
the  builders  and  repairers  of  the  system,  of  which  I  shall  speak 
particularly  in  the  chapter  on  Formation  and  Repair.  And 
they  make  their  wants  known  as  distinctly  as  the  bricklayer 
does,  when  he  calls  for  more  brick  and  mortar.  Through  the 
nerves,  an  impression  is  communicated  from  these  to  the  sto- 
macli,  and  the  sensation  of  hunger  is  the  result  That  the  sen- 
sation is  seated  there  is  evident  from  the  fact,  that  it  can  be 
temporarily  relieved  by  putting  indigestible  substances  into  the 
stomach.  These  produce  the  effect  by  causing  other  sensations 
there,  which  take  the  place,  for  the  time  being,  of  the  sensation 
of  hunger.  After,  however,  the  momentary  effect  is  over,  the 
sensation  of  hunger  returns  again  in  its  full  force.  The  cauBij 
then,  of  the  sensation  i&  in  the  system  at  large,  but  its  seat  is 
in  the  stomach.  Its  degree  of  urgency  depends  upon  this 
general  state  that  causes  it  If  eating  be  delayed  much  beyond 
its  usual  time,  or  if  the  system  has  been  exhausted  by  the  wear 
and  tear  of  severe  labor,  the  sensation  of  hunger  is  very  urgent 
So,  too,  if  disease  has  impoverished  the  system,  as  soon  as  the 
stomach  is  in  a  condition  to  respond  to  tLe  call  of  the  forma- 
tive vessels  that  set  themselves  to  work  to  repair  the  waste,  the 
hunger  is  often  excessive.  Observe,  here,  that  in  order  to  have 
the  sensation  pf  hunger,  not  only  must  there  be  a  want  in 
the  system  at  large,  but  the  stomach  must  be  in  a  state  fitted 
to  receive  the  notice  of  this  want  And  fortunately  it  is  seldom 
in  this  state  except  when  in  a  condition  to  do  its  work.  If  it 
were  otherwise,  K>od  would  often  be  introduced  into  it  when  it 
ooold  not  be  digested.    The  stomach  is  sometimes  incapacitated 
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for  receiving  the  notice  of  the  want  of  the  system  by  mental 
impressions.  In  this  case,  an  impression  is  communicated  from 
the  brain  to  the  stomach,  through  the  nerves,  which  counteracts 
the  impression  conveyed  from  Uie  system  to  this  organ,  and  so 
neutralizes  the  sensation  of  hun^r.  Grief  thus  often  destroys 
the  appetite  for  food.  One  thmg  more  is  to  be  observed  in 
relation  to  hunger.  Although  this  sensation  is  caused  by  the 
want  of  the  system,  it  is  removed  long  before  the  nutriment 
reaches  its  final  destination,  and  supplies  the  want  How  ia 
this  ?  It  is  either  because  the  new  sensations  produced  in  the 
stomach,  by  the  commencing  proc^  of  digestion,  take  the 
place  of  the  sensation  of  hanger,  or  an  impression  is  sent  all 
over  the  system  from  the  filled  stomach,  which,  so  to  speak,  stills 
the  clamor  of  want  with  the  immediate  prospect  of  a  supply. 

88.  Nearly  the  same  remarks  can  be  made  in  relation  to 
thirst,  that  have  been  made  in  regard  to  hanger.  The  seat  of 
this  sensation  is  in  the  fauces  or  throat  Ita  cause  is  evidently 
not  there ;  for  the  mouth  and  throat  may  be  very  dry,  and  yet 
there  may  be  little  or  no  thirst;  while,  on  the  other  hand,  there 
may  be  much  thirst,  although  the  mouth  and  throat  are  moist. 
The  cause  of  the  sensation  is  like  the  cause  of  hunger,  in^the 
system  at  large;  and,  therefore,  no  local  cause,  producing  a 
dryness  of  the  throat,  can  cause  thirst  independent  of  a  general 
condition. 

89.  Before  describing  the  remainder  of  the  process  of  diges- 
tion, I  will  call  your  attention  to  the  arrangement  of  the  sto- 
mach, and  the  other  organs  of  the  abdomen  engaged  in  this 
process.  Fig.  15  exhibits  them  as  they  present  themselves  in 
a  front  view,  except  that  they  are  somewhat  separated  from 
each  other,  instead  of  being  as  closely  packed,  as  they  are  in  the 
abdomen.  The  large  end  of  the  stomach,  you  see,  lies  to  the 
left  side,*  and  at  this  end  is  the  spleen.  The  pancreas  is  be- 
hind the  right  end  of  the  stomach.  Above  the  stomach,  and 
mostly  to  tibe  right  side,  is  the  largest  organ  in  the  abdomen, 
the  liver.  It  is  represented  as  turned  upward  in  the  Figure. 
The  stomach  is  directly  connected  with  the  small  intestines  at 
the  pylorus.  At  the  end  of  this  long  and  winding  tract  b<^n 
the  large  intestines.  The  duct  of  the  gall  bladder,  and  Uiat  of 
the  pancreas,  empty  their  contents  into  the  small  intestine  at  its 
beginning.  The  office  of  the  spleen  has  not  yet  been  ascer- 
tained.   Xfeither  has  that  of  the  worm-hke  appendage  at  tin 
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banning  of  tlie  Inrgo  intesdnes.  Tho  omeDtum,  or  c&ul, 
which  htings  ]iho  a  curtain  from  tho  front  part  of  the  »to- 
mach  down  in  front  of  tho  intestines,  is  not  represented  in.  tha 
F5gnre. 

90.  Thcro  is  one  nrrangement  in  iJio  abdomen  which  must 
not  pass  uonnticcd.  If  tho  intestines  wera  left,  to  lie  loose  in 
this  cavity,  they  would  constantly  Ih>  snhject  lo  disnlacement 
and  injury.  Thi'y  we  tliercforo  f^isteiiod  to  tlie  liatkbone  by 
an  arrangement,  which  secures  llipm  from  any  sucli  accident, 
">■)  at  the  same  time  allows  of  a  sufhciently  freo  motion  of  difier- 
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ent  parts  of  this  tube.  It  is  this.  The  intestinal  tube  makes 
the  margin  of  a  broad  sheet  of  membrane,  the  other  edge  of 
which  is  gathered  up  and  fastened  to  the  spinal  column.  The 
arrangement  is  like  a  ruffle  with  a  puffed  edging.  The  mem- 
branous sheet  is  called  the  mesentery.  As  the  intestinal  tube, 
the  puffed  edging,  is  much  longer  than  the  ruffle  itself,  the 
mesentery,  it  is  gathered  on  to  the  ruffle,  as  a  seamstress  woula 
express  it  Now,  the  mesentery  is  composed  of  two  folds  of 
the  peritoneum,  the  smooth,  shining,  outer  covering  of  the  in- 
testines. The  arrangement  will  be  'easily  understood  by  the 
diagram  in  Fig.  16,  which  represents  a  section  of  the  intestine 
witli  the  mesentery.  The  cavr 
ity  of  the  intestine,  a,  is  lined 
by  the  mucous  membrane  re- 
present^ by  the  inner  circle'. 
Next  comes  the  muscular  coat, 
and  next  the  peritoneal,  the 
outer,  which,  instead  of  making 
a  circular  tube,  as  the  other  two 
coats  do,  passes  backward  on 
both  sides  of  the  intestine,  to 
make  the  mesenterT»  b.  After 
being  attached  to  the  spine  by 
means  of  cellular  tissue,  it  is  re- 
flected off  to  pass  over  otlier  portk>ns  of  the  intestine,  as  seen  at 
c,  c.  Between  the  two  layers  of  the  peritoneal  membrane,  in  the 
mesentery,  i^  considerablo  space,  as  seen  at  6.  This  space  is 
fiih^d  up  with  blood-vessels,  nerves,  lacteals  with  their  small 
glands,  8oon  to  be  described,  all  bound  together  by  the  com- 
mon packing  material  of  the  body,  the  cellular  tissue.  You 
see,  therefore,  that  the  mesentery  subserves  more  than  one  use. 
1^'sides  fastening  the  whole  tract  of  the  intestinal  canal  to  the 
spine,  so  as  to  guard  it  against  accident,  it  acts  as  a  secure 
medium  for  the  communication  of  the  blood-vessels  and  nerves 
with  the  intestines.  And,  besides,  as  you  will  soon  see,  it  con- 
tains the  little  tubes  which  convey  all  the  nutriment  into  the 
blood  for  the  growth  and  repair  of  the  body. 

91.  I  now  go  on  to  describe  the  remainder  of  the  process  of 
digestion.  The  chyme,  (§  83,)  as  it  passes  into  the  small  intes- 
tine from  the  stomach,  has  mingled  with  it  the  bile  and  die 
secretion  of  the  pancreas.  Thc*se  are  poured  into  the  intestte 
at  the  point  represented  at  6,  in  Fig.  14.  These  seeretioiis  nH< 
doubtedly  have  some  agency  in  separating  the  miAritioufe  ptilP 
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oi  the  chTme  from  that  vhidi  is  not  bo.  When  thus  tepHrat- 
ed,  it  »  absorbed  by  the  innumenble  small  vessels,  called  lao- 
teals,  whi4^  ar«  situated  in  the  mucoos  membranfl.  This  nntri- 
ti«H  part  of  the  chyme  is  a  milky  fluid,  called  the  elufU.  Iln 
Isct^alB  which  absorb  it  Are  little  tubes  or  ducts.  These  enter 
certain  glands,  called  the  mceettteric  glands,  for  the  purpose  of 
Slaving  some  efieot,  we  know  not  what,  produced  upon  it.  Iliey 
then  pass  on,  as  seen  in  Fig.  IT,  to  pour  their  contents  into  mt 
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thmado  dnct     This  dut^  which  is  about  the  size  i 

qniU,  running  up  on  the  left  side  of  the  aorta,  the  great  arterj 

oi  the  heart,  pours  its  contents  into  the  junction  of  two  veins 

t  top  (tf  tbe  ahnL    As  the  arculatkw  of  the  chyle  in  the 


thoracio  dud  needs  all  the  mechanical  help  that  it  can  have,  tha 
mode  of  the  joining  of  this  dad  niUi  theee  vuns  is  calculated 
to  fiualitate  tiie  freeneu  of  the  diachx^  of  the  chyle.  A» 
the  tvo  large  cnneale  In  the  twis,  v  and  v,  v,  in  Fig.  18, 
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unite,  there  ia  created,  bj  the  forward  motion  of  tiieee  cnr- 
renla,  a  tendency  to  x  vacuum  at  the  angle  at  which  tb^ 
meet,  the  point  where  the  thoracic  duct,  r,  n,  opens.  Thete 
is,  therefore,  a  suction  power,  as  it  is  termed,  exerted  upon 
the  fluid  in  this  dnct.  The  chyle,  thus  mingled  with  the 
blood,  becomes  a  part  of  it.  Or  rather,  I  should  say,  that  the 
blood  is  made  6om  the  i^yle,  and,  as  it  is  constantly  used  for 
formation  and  repair  Id  all  parts  of  the  syst^n,  it  is  thus  as 
constantly  replenished.  The  material  by  which  all  the  textures 
of  the  body  are  made  and  are  kept  in  repair,  is  fiimished  to 
the  system  through  this  small  duot,  in  the  form  of  a  milky 
fluid.  Ton  observe  in  Fie.  17,  certain  lymphatic  Teasels.  Theae 
are  trunks  of  abeorbeuts,  hereafter  to  be  Bpolcen  of  particularly,' 
which  bring  a  fluid  called  lymph,  to  be  nungled  wita  the  chyle, 
and  to  be  poured  with  it  into  the  circulation. 

92.  The  extent  of  surface  on  which  the  absorbent  lacteals 
open  can  not  be  appreciated,  if  yon  look  merely  at  the  ontside 
of  the  sm;dl  intestines.  It  can  be  done  only  by  looking  at  the 
Inner  mucous  coaL  This  coat  is  really  much  more  extendTA 
than  the  outer  coat,  or  the  middle  one,  the  muscular,  and  U.jl 
full  of  folds,  as  represented  in  fig.  14,  on  page  62.    Tba  db 
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gmtig  on,  the  motjone  produced  by  the  niusciilar  fibres  cMM 
the  contents  to  more  about,  and  of  coume  tbcy  are  throwa' 
aguinat  tbe  pylorus,  as  well  as  nnr  other  part  of  the  stomach. 
But  the  valve  remains  closed,  until  some  portion  comes  agfUDat 
it  that  b  thoroughlj  changed  to  chyme,  and  ia  therefore  fit  to 
pass  on  into  the  intestine.  It  then  opens  to  let  this  pass,  and 
it  does  so  for  any  other  portions  that  have  become  chyme. 
Toward  the  concluAiun  of  the  digration  of  a  meal,  smalt  qnno- 
titics  p.iss  at  first,  ond  after  a  while,  tlic  contenta  p&v  qidto 
rapidly  through  the  valve. 

84.  Although  this  sentjnel- valve  thus  performs  its  duty  M 
feitlifully  in  relation  to  nutritive  substances,  it  seems  to  let  Other 
substances  pass  very  rvadily.  Solid  substances,  swallowed  br 
mistake,  as  buttons,  pieces  of  money,  the  pits  and  skins  of  vari- 
ous fruits,  often  pass  the  valve  without  any  trouble.  The  valv« 
»eems  to  bo  on  duty  as  a  sentinel  only  during  the  ^looenot 
diges^on  ;  and,  if  the  attempt  to  go  through  with  this  prooen 
prove  unavailing,  the  pylorus,  though  it  let  such  bara  snV 
stances  as  I  have  mentioned  pass  without  difficulty,  resists  di« 
passage  of  tbe  undigested  food,  sometimes  causing  much  ui- 
easiness,  and  even  perhaps  pain,  by  so  doing.  In  such  a  caae, 
(other  the  nln  after  a  time  gives  over  ita  reeiitance,  or,  hold* 
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log  out,  tho  action  of  the  stomach  is  reversed,  and  the  offending 
matter  is  thrown  off  by  vomiting. 

85.  It  is  not  a  little  amusing  to  read  the  different  theories 
which  were  formerly  broached  to  explain  the  process  of  diges- 
tion. Some  supposed  it  to  be  a  e(mcocti<m^  heat  being,  in  theif 
view,  the  chief  agent ;  some,  a  kind  of  putrefaction  ;  some,  a 
chemical  solution ;  some,  a  trituration ;  and  some,  a  process 
dependent  upon  the  action  of  the  nerves.  Of  these  various 
theories,  the  celebrated  Hunter  pla3rfully  remarked:  "To  ac- 
count for  digestion,  some  have  made  the  stomach  a  mill ;  some 
would  have  it  to  be  a  stewiug-pot,  and  some,  a  brewiug-trough ; 
yet,  all  the  while,  oue  would  have  thought  that  it  must  have 
been  very  evident  that  the  stomach  was  neither  a  mill,  nor  a 
stewing-pot,  nor  a  brewing-trough,  nor  any  thing  but  a  ato- 
machP  All  these  theories  are  now  done  with ;  and  it  is  pretty 
well  ascertained,  that  digestion  is  a  chemical  process — in  part  a 
solution,  and  in  part  a  fermentation — and  that  mechanical 
agency  is  employed  only  for  the  purpose  of  thoroughly  exposing 
the  food  to  the  action  of  the  gastric  juice. 

86.  The  process  of  digestion,  as  it  has  been  described,  is  a 
regular  process,  requiring  a  certain  average  period  of  time  for 
its  completion.  If,  during  the  progress  of  it,  fresh  food  be  in- 
troduced, its  regularity  is  broken  in  upon,  and  the  process  fiuls 
to  be  well  done.  Then,  too,  if,  immediately  after  the  completion 
of  the  process,  a  new  supply  of  food  be  taken,  harm  is  done, 
because  the  organ  has  not  its  needed  interval  of  rest  For 
these  reasons,  the  practice  of  eating  between  meals  is  a  very 
injurious  one.  Eating  fast  does  harm,  because, — 1st,  the  food  is 
not  sufficiently  ground ;  2d,  it  is  not  mixed  thoroughly  with  the 
saliva ;  and,  Sd^  more  food  is  taken  than  would  be  sufficient  to 
satisfy  the  hunger  if  the  •  individual  ate  slowly,  and,  therefore, 
more  than  can  be  easily  digested.  Great  variety  in  food  stimu- 
lates the  appetite  unduly,  and  too  much  is  consequently  eaten. 
Exercise  fiebcilitates  digestion,  if  it  be  not  violent  An  experi- 
ment was  once  tried  upon  two  dogs,  which  was  thought  to 
prove  that  exercise  hindered  digestion.  Two  dogs  were  fed 
freely,  and  while  one  was  left  to  lie  still,  the  other  was  made  to 
run  about  violently.  Both  dogs  were  killed  af^r  an  hour  or 
two,  and  it  was  found  that,  while  digestion  had  gone  on  thor- 
oughly in  the  dog  that  was  allowed  to  remain  quiet,  in  the 
other  the  food  was  undigested.  This  only  proved  that  violent 
exercise,  taken  immediately  after  eating,  impedes  digestion.  It 
has  been  founds  on  the  other  hand,  that  light  exercise  pro- 
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BAUVARr  GLANDS. 

feel  in  tho  tnoutb  an  increased  flow  of  the  salivti.     The  aub- 

maxillary  gland,  3,  is  situated  inside  of  the  lower  jaw  at  its 
lower  part ;  aiid  its  duct,  4,  opens  into  the  mouth  at  the  side 
of  the  fr^enum  of  the  tongue.  Tiie  sublingual  gland,  5,  liea 
under  the  tongue,  and  dischar^s  its  secretion  by  a  duct  at  the 
aide  of  that  organ.  These  saliva  ketones,  as  wo  may  term 
theiD,  are  in  mucli  more  active  operation  at  some  timea  Hum 
at  otliere.  They  are  tapccially  active  when  wo  are  citting ;  and 
it  is  commonly  estimated  that,  during  an  ordinary  meal,  about 
eight  otinces  of  saliva  are  poured  into  tho  mouth.  Thia  lai|^ 
amount  is  wanted  to  moisten  the  food  thoroughly  be&ro  it  it 
swallowed ;  and  it  is  supposed,  also,  that  it  hua  some  chemical 
influence  in  prepariug  the  food  for  tho  action  of  the  gastric 
juice  in  the  atotnach.  More  saliva  than  usual  is  needed,  also, 
when  we  are  speaking,  in  order  to  keep  the  parts  properly  lubri- 
cated, for  the  passage  of  the  air  in  and  out  during  speaking 
dries  up  the  saliva  by  evaporation.  And,  accordingly,  the  mo- 
tion of  the  parts  at  such  times  stimulutca  a  larger  flow,  just  as 
pressure  on  the  cheek  will  do  it.  as  lx>fore  remarked.  Tliia 
result  ia  favored  by  the  arrangement  of  the  duct  of  the  parotid 
gland,  which,  as  you  have  seen,  passes  over  one  large  muscle,  and 
then  through  tho  body  of  another.     Chewing  Any  thing  excites 
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an  increased  flow  of  the  saliva ;  and  the  tobacco  chewer  does  a 
real  injury  to  the  salivary  glands,  by  keeping  them  constantly 
in  excessive  operation,  in  addition  to  the  ruinous^  effects  of  tiiis 
drug  on  the  system  at  large.  When  he  eats,  these  over-worked 
factories  can  not  turn  out  as  good  an  article  as  they  should,  nor 
will  it  be  in  sufficient  quantity. 

76.  It  is  supposed  that,  besides  the  mere  mechanical  stimu- 
lus of  the  motion  of  ^e  parts,  the  stimulus  of  sympathy  is  also 
concerned  in  exciting  these  glands  to  increased  action.  The 
glands  are  supposed  to  be  affected  in  this  way  by  the  stimula- 
tion of  the  food  on  the  surface  of  the  mouth,  about  the  orifices  of 
their  ducts.  That  sympathy  does  have  an  influence  on  their 
secretion  is  evident  from  the  very  fiuniliar  fact,  that  the  thought 
of  food  will  often,  as  it  is  expressed,  cause  the  mouth  to  water. 

77.  The  fact,  that  these  glands  do  not  all  secrete  the  same 
kind  of  fluid,  has  led  to  an  interesting  discovery  in  relation  to 
them.  The  submaxill^  glands  secrete  rather  a  viscid  fluid, 
while  that  which  is  poured  forth  by  the  parotid  and  sublingual 
glands  is  perfectly  limpid.  Now,  it  has  been  found,  by  various 
observations  and  experiments  on  animals,  that  while  the  teeth 
are  cutting  and  grinding  the  food,  and  the  parotid  and  sub- 
lingual glands  are  pouring  out  the  saliva  to  moisten  it,  no  secre- 
tion comes  from  the  submaxillary  glands.  But  these  glands 
pour  out  their  viscid  fluid  the  moment  that  the  tongue  thrusts 
the  food  back  towards  the  throat,  in  the  beginning  of  the  act 
of  swallowing.  The  special  object  of  this  viscid  fluid  is  then  to 
cover  the  food,  so  that  it  may,  to  use  a  common  expression,  slip 
down  easily  into  the  stomach ;  and  it  has  nothing  tp  do  witn 
the  moistening  of  the  food,  this  being  the  particular  office  of 
the  other  two  pairs  of  glands. 

78.  When  the  food  has  been  m>und  by  the  teeth,  and 
moistened  by  the  saliva,  it  is  carried  by  the  act  of  swallowing 
into  the  stomach.  This  act,  simple  as  it  appears  to  you,  is  a 
very  complicated  one,  and  is  performed  by  the  conjoined  and 
agreeing  action  of  many  different  muscles.  The  food  is  first 
thrust  back  over  the  surface  of  the  tongue  into  the  largo  cavity 
in  the  back  of  the  throat,  called  the  pharynx.  In  the  pharynx 
are  the  openings  of  two  tubes — the  oesophagus  or  gullet,  which, 
is  the  passage  into  the  stoniach,  and  the  trachea*  or  windpipe, 
the  passage  to  the  lungs.      As  the  oesophagus  lies  behind  the 

*  This  term  U  tometiinet  nsed,  u  here,  to  meao  the  whole  of  the  tabe  conducting  to 
tbe  lungt,  including  the  larynx,  which  it  at  the  top  of  thii  tube,  and  ■ometimes  ft  ii 
MCrietMl  to  that  part  of  the  tube  which  ia  below  the  laryoz. 
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trachea,  the  food,  in  ]>iiM>ing  to  it,  must  go  directly  over  ths 
opening  into  tho  trachen.  To  prevent  tiio  food  from  entenag 
the  trachen,  therefore,  there  is  a  little  tongue -shnped  body, 
called  tlio  epiglottis,  extending  back  from  tbo  root  of  the  tonsue, 
snd  acting  as  a  Kd  to  the  glottis,  the  opening  into  the  trachea. 
When  wo  ore  b  wall  ovkiii^,  thia  lid  ia  shut  down;  but  it  is  alwayt 
raised  up  when  we  are  brcAthing  or  speaking.  When  wo  swal- 
low, not  only  does  tho  lid  shut  down,  but  the  larynx  rises  to 
meet  the  hd,  as  you  may  readily  perceive,  if  you  place  your 
fingers  upon  what  is  called  Adam's  apple  while  you  are  swal- 
lowing. With  the  aid  of  Figures  10  and  II,  all  this  will  be 
very  dear  to  you.  In  Fig.  10,  you  have  a  aide  ^^t'w  of  the 
parts  engaged  in  swallowing,  as  if  the  head  wero  divided  into 
two  lialves  by  a  vortical  section.  At  i,  is  tbo  cavity  of  the  nos- 
tril; at  h,  are  the  hpa;  a  is  the  divided  bone  of  tbe  chin; 
&  is  the  tongue,  between  which  and  the  spinal  column,  f,  is  th« 
large  csvity  of  t^e  pharynx.     In  front  of  this  cavity  hanga  the 
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palate,  17,  as  a  door  or  valve,  to  direct  tho  air  coming  from  the 
trachpa,  d,  eitlier  through  the  mouth  or  through  tho  nostrila, 
according  to  its  position.  The  asoplmgus,  e,  is  behind  the  ti-ar 
thea,  and  the  epiglottis,  e,  ahuts  down  when  we  swallow,  to  let 
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toward  tbo  heart,  they  are  at  length  all  united  into  two  grett 
venous  trunkft,  one  from  above  and  the  other  from  below,  which 
pour  their  contents  into  this  organ.  The  capiUaries,  taking 
their  name  from  the  Latin  word,  capilla^  a  hair,  are  so  small 
that  they  can  not  be  seen  by  the  naked  eye.  In  any  sniall 
cut,  the  blood  which  oozes  out  comes  from  multitudes  of  these 
vessels.  They  serve  to  hold  the  blood,  while  the  forraative.ves- 
sels,  that  construct  aqd  repair  the  body,  may  select  from  it  such 
materials  as  they  need  for  their  purposes. 

90.  The  heart  is  a  great  central  forcing  and  suction  pump,  in 
the  midst  of  this  circulating  apparatus.  When  it  contracts,  it 
forces  the  blood  out  through  the  aorta  and  its  branching  ar- 
teries into  all  parts  of  the  system.  And  when  it  enlarges  or 
dilates  itself,  it,  by  suction,  as  it  is  termed,  receives  the  blood 
returning  from  the  system  through  the  veins.  The  blood  never 
ceases  to  go  these  rounds.  The  necessity  for  this  continual 
motion  you  will  perceive  as  I  proceed  with  the  development  of 
the  subject. 

100.  The  arteries  differ  from  the  veins  in  their  structure  and 
arrangement.  The  arteries  are  firm  tubes,  while  the  veins  are 
lax  in  their  structure.  The  object  of  the  difference  is  obvious. 
As  the  blood  is  forced  into  the  arteries  by  the  powerful  action 
of  the  heart,  it  is  necessary  that  they  should  be  strong  and 
firm,  else,  they  would  be  liable  to  dilatation  and  rupture,  and 
death  would  frequently  result.  As  it  is,  it  is  not  a  common 
event  to  have  an  artery  dilate  and  burst,  though  it  does  occa- 
sionally happen.  When  dilatation  does  occur  in  an  artery,  it 
is  called  an  aneurism.  But  the  arteries  need  to  be  firm,  not 
only  for  the  sake  of  security  against  rupture,  but  also  that  the 
force  of  the  heart  may  propel  the  blood  to  the  extremities  of 
the  arterial  system.  If  the  arteries  were  lax  tubes,  like  the 
veins,  the  impulse  would  soon  be  lost  in  the  yielding  tubes,  and 
the  blood  would  move  very  sluggishly  in  the  small  arteries  at  a 
distance  from  the  heart.  What  we  call  the  pulse,  is  caused  by 
this  impulse.  If  the  arteries  were  lax  tubes,  the  pulse  would 
not  be  felt  at  any  great  distance^  from  the  heart.  Instead  of 
being  distinct,  as  it  now  is,- with  every  beat  of  Uie  heart  almost 
to  the  very  extremities  of  the  arterial  system,  it  would  be  ren- 
dered conused  by  the  yielding  of  the  tubes,  even  quite  near 
the  heart,  ^nd  at  a  distance  from  that  organ  it  would  be  en- 
tirely lost 

101.  Besides  the  firmness  of  the  arteries,  there  is  another 
dicumstanoe  which  favors  the  freeness  of  the  flow  of  blood 
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peculiar  fluid,  somewhat  acid  in  Jls  character,  which  ia  gecrated 
Df  voty  minute  follicles,  or  bag-tike  cavities,  situated  in  the  sub- 
Btanoe  of  the  mucous  membraue.  Ordinarily  there  isjuone  of 
thia  fluid  in  tie  stomach  when  there  is  no  food  tJiere.  Dr. 
Beaumont  made  some  very  interesting  ohoervations  on  this,  ai 
well  aa  many  other  [Mjints,  in  the  remarkable  case  which  fell 
under  his  care.  The  individual,  Alexia  St.  Martin,  received  a 
wound  in  his  left  side  by  the  bursting  of  a  gun.  The  wound, 
which  opened  iota  tlie  stomach,  never  entirely  closed,  but  an 
orifice  remained,  after  the  Lealiog  proceaa  bad  done  ail  that  it 
could.  Through  this  orilioe,  Dr.  Beaumont  could  look  into  the 
stomach,  and  observe  what  wns  going  on  ihere.  Be  describes 
the  mucous  membrane,  in  its  healthy  state,  as  having  a  velvet- 
like appearance,  with  a  pale  pink  color,  and  as  being  covered 
with  a  very  thin,  tninaparent,  viscid  mucus.  On  introducing 
some  food,  or  irritating  the  mucous  membrane  mechanically, 
he  saw,  by  the  aid  of  a  magnifying  glasa,  "innumerable  lucid 
points"  projecting  on  the  suriace,  and  from  these  there  exuded 
a  pure,  limpid,  colorless  fluid.  These  points  were  the  follicles 
which  secrete  Ihe  gastric  juice,  now  rendered  turgcscent  by 
being  stimulated  to  action. 

81,  The  amount  of  gastric  juice  secreted  is  generally  about 
in  proportion  to  the  amount  of  food  which  the  necessities  of  the 
system  require.  When  the  quantity  of  food  taken  is  very 
much  more  than  is  required,  there  can  not  be  a  sufRdent 
amount  of  gastric  juice  secreted  to  digest  all  of  the  food  ;  anc 
some  of  the  food  must  therefore  remain  undigested,  and  will  prov« 
a  source^f  irritation  to  the  stomach.  If  the  amount  of  food 
taken  from  day  to  day  is  not  very  excessive,  but  is  only  a  httl« 
above  the  proper  quantity,  there  will  be  enough  of  the  gaslria 
juice  made  to  digest  it ;  but  the  dmly  overtaxing  of  tlie  pow- 
ers of  the  secreting  follicles  will,  after  a  while,  produce  demnge- 
nient  in  the  stoniuch,  and  perhaps  permanent  disease. 

62.  The  action  of  tJie.  gastric  juice  upon  the  food  is  of  a 
chemical  nature.  In  order  that  it  may  act  etTeclually  on  all 
portions  of  the  contents  of  the  slomncL,  this  organ  is  kept  in 
constant  motion  by  the  fibres  of  its  muscular  coat.  These  fibre* 
are  so  arranged  that,  as  they  contract  and  relax,  they  keep  np 
a  sort  of  churning  of  the  contents,  and  thus  etfeet  a  thoron^ 
mixture  of  them  with  the  gastric  juice.  In  Fig.  13,  you  see 
these  fibres  represented.  At  I,  fa  the  opening  of  the  iMopha- 
eus  into  the  stomach ;  and  at  4,  is  the  part  which  opens  into 
intestine.     The  fibres  are  in  different  layers,  running  is 
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diftrent  directions.  The  outer  peritoDeal  coat,  6,  6,  is  dtsaectad 
<^  sod  turned  back,  showing  some  of  the  fibres  iJiat  run  length- 
wiae  of  the  oTgan,  6 ;  and  some  of  them  transverse,  7  ;  and 
Otherft,  8,  that  run  obliquely.  You  can  readily  sea  irhat  effect 
the  contraction  of  these  different  fibres  will  have  on  the  shape 
ot  the  stomach.  The  contraction  of  the  lon^tudinal  fibru,  6, 
brings  the  large,  bulging  end  of  the  stomach,  2,  aud  the  small 
end,  3,  nearer  together.  The  traosrerse  fibres,  when-they  con- 
tract, diminish  the  capacity  of  the  stomach  transveTsely.  And 
the  oblique  fibrea  modify  these  two  motions  by  their  obUqoe 
action. 

83.  By  the  combined  chemical  and  mechanical  action  of  tlie 
■tomacfa,  its  contents  are,  after  a  little  time — in  three  or  fbnr 
bonis — reduced  to  an  UDiform,  greyish,  seou-fluid  mats,  called 
ehymt.  White  this  process  has  been  going  on,  the  oommnni- 
cation  between  the  stomach  and  the  intestines  has  been  entirely 
dosed  by  s  valve,  called  the  pylorus.  This  is  represented  at  6, 
in  fig.  14,  which  presents  a  view  of  the  inside  of  the  stomaeh. 
This  valve  is  made  of  a  fold  of  both  the  mucous  and  mnscnlar 
Ooati  of  the  stomacli.  It  is  a  very  faithful  sentinel,  as  is  in£- 
cated  by  its  name,  which  is  derived  from  two  Greek  word^  sig- 
nifying to  guard  the  gate.  It  wiH  not  ordinarily  permit  an^ 
nudigMted  bod  to  posa  it.    Wlul«  the  proceaa  oi  digwtioa 
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wounded,  lies  deep  in  the  ham  at  the  rear  of  the  joint  The 
same  is  true  of  tne  elbow  joint,  just  alluded  to,  and  of  other 
parts  of  the  body.  Although  there  are  arteries  everywhere^ 
they  are  so  uniformly  deeply  seated,  that  it  is  only  in  a  few  lo- 
calities that  you  can  readily  find  one.  You  can  feel  one  pid- 
sating  at  tlie  wrist,  and  also  on  the  temple.  Here  the  arteries 
are  superficial,  only  because  it  is  impossible  that  it  should  be 
otherwise. 

108.  When  the  physician  bleeds  a  patient,  he  commonly 
does  it  at  the  bend  of  the  arm,  as  being  the  most  convenient 
place  for  the  operation.  A  ligature  of  some  sort,  as  a  ribbon,  is 
tied  around  the  ann  above  the  elbow,  with  sufficient  tightness 
to  interrupt  the  flow  of  blood  toward  the  heart  in  the  super- 
ficial veins,  but  not  so  tightly  as  to  prevent  the  free  supply  of 
blood  to  the  arm  by  the  artery.  It  is  commonly  tied  as  tightly 
as  it  can  be  without  stopping  the  pulse  at  the  wrist  An  (H)en- 
ing  is  then  made  in  one  of  the  veins ;  and,  as  the  blood  nows 
fVeely  into  the  arm  from  the  heart  through  the  artery,  on  its 
return,  so  mucli  of  it  as  passes  through  the  opened  vein  is  dis- 
charged at  that  point 

104.  It  yfill  be  proper  hero  to  give  some  practical  instruc- 
tion, in  regard  to  stopping  the  flow  of  blood  from  a  wounded 
artery,  as  many  lives  have  been  lost  from  the  ignorance  of  by- 
standers when  such  accidents  have  happened.  Enveloping  the 
part  in  cloths,  which  is  so  commonly  done  at  such  times,  does 
no  good,  but  only  serves  to  catch  and  conceal  the  blood  as  it 
flows.  Pressure  upon  the  artery,  on  tliat  side  of  the  wound 
which  is  toward  the  hearty  will  of  course  interrupt  the  supply  <^ 
blood  from  this  organ  to  the  wound.  Firm  pressure  witn  the 
thumb  will  do  it.  But  the  pressure  must  be  made  at  the  right 
point,  that  is,  directly  upon  the  artery.  You  may  not,  in  all 
cases,  press  upon  tlie  right  spot  at  once.  If  you  do  not,  the 
blood  will  continue  to  flow.  In  this  case,  press  at  different 
points,  until  you  find  the  point  at  which  you  see  that  pressure 
stops  the  flow  of  blood  from  the  wound.  But  you  may  not  be 
able  to  find  the  right  spot.  If  you  can  not  you  can  ^Je  a  slip 
of  strong  cloth  or  a  handkerchief  around  the  limb,  above  the 
wound,  and  twist  a  stick  in  it  until  the  bleeding  stops.  In  one 
or  the  other  of  these  ways,  you  can  prevent  the  loss  of  blood 
until  the  surgeon  arrives  to  take  charge  of  the  case. 

105.  Although  there  is  no  such  free  communication  between 
arteries  as  exists  between  the  capillaries,  there  is  some  amount 
of  oonmmnication,  and  particularly  in  certain  parts  of  the  bodjf 
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And  it  is  well  that  it  is  so,  for  it  sometimes  helps  the  surgeon 
to  save  a  limb,  when  he  could  not  do  it  if  there  were  no  com- 
nHinication.  I  have  already  alluded  to  a  disease  of  the  arteries 
edled  aneurism.  An  artery  has  three  coats,  one  of  which  is  a 
strong  jQbrous  one.  When  this  is  thinned  or  ruptured,  tho 
other  two  coats  bulge  out,  forming  a4)u]sating  tumour.  And, 
as  the  blood  is  constantly  pumped  into  this  by  the  force  of  the 
heart,  it  enlarges,  and  at  length  it  may  burst,  and  the  life  of 
the  patient  will  be  destroyed  by  the  loss  of  blood.  When  an 
aneurism  formed  in  a  limb,  as  for  example'  in  the  ham,  the  sur- 
geon, in  former  times,  used  to  save  the  life  of  the  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  the  artery  above  the  aneurism  would  of  course  stop  the 
flow  of  blood  into  it ;  but  it  was  supposed  that  the  limb  would 
die,  in  that  case,  from  the  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
now,  in  such  cases,  cure  the  diseade,  and  save  the  limb  too,  by 
tying  the  artery.  Immediately  after  the  operation  the  linib  is 
cold,  and  there  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomes  free,  and  in  a  little  time  it  is 
as  well  established  as  ever.  This  is  effected  by  the  communi- 
cations which  exist  between  the  branches  which  go  off  from  the 
artery  above  the  aneurism,  and  those  which  go  off  below  it 
It  is  obvious,  however,  that  this  would  not  be  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  communicat- 
ing arteries.  But  this  change  does  occur.  Some  of  them  be- 
come enlarged  to  meet  the  necessity  of  the  case.  This  is  a 
most  interesting  fact ;  and  so  is  also  the  fact,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  the 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  sudden  motion,  is  peculi- 
arly apt  to  appear.  This  same  provision  avails,  of  course,  when 
aneurism  is  cured-  by  pressure  made  upon  the  artery  above  it, 
a  measure  which  modem  surgery  has  found  in  many  cases  to 
be  as  effectual  as  tying  the  artery. 

/  106.  There  have  been  ^eat  diffisrences  of  opinion  among 
phjrsiologists,  in  regard  to  the  proportionate  amounts  of  agency 
that  the  different  parts  of  the  apparatus  have  in  carrying  on 
the  circulation.  The  heart  manifestly  exerts  the  chief  agencyt 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  this 
way.  Fill  a  ball  of  India  rubber,  to  which  a  tube  is  attached, 
witii  water,  and  immorse  the  tube  in  water  in  a  vesvel.    If  you 
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press  the  sides  of  the  ball  together,  some  of  the  water  is  fbroed 
out  into  the  vessel.  This  represents  the  contraction  of  llw 
heart  If^  now,  you  allow  the  ball  by  its  elasticity  to  rdsnme 
iti  round  shape,  the  water  rushes  into  it  from  the  vessel.  Thk 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  its  elasticity ;  and  so  it  is  supposed  by  some 
that  the  dilatation  of  the  heart  results  from  the  same  cause,  its 
contraction  alone  being  produced  by  muscular  action.  Whether 
this  be  so  or  not,  the  dilatation  is  an  active  one,  and  the  blood 
rushes  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  tliat,  as  has  been  shown  by  experi- 
ments on  animals,  even  a  great  amount  of  pressure  is  not  able 
to  prevent  its  taking  place. 

107.  But,  great  as  tlie  agency  of  the  heart  is,  it  is  not  true 
that  it  is  the  only  moving  power,  and  that  the  arteries  and  veins 
are  mere  passive  conducting  tubes.  Thi>re  are  various  phenomena 
which  show  that  the  artories,  the  capillaries,  and  even  the  lax 
veins,  exert  a  considerable  agency  in  circulating  the  blood.  I 
will  merely  allude  to  some  of  these  phenomona.  Determina- 
tions of  blood  to  particular  ])arts  show  that  the  blood- vesaeb 
have  an  active  agency  in  the  circulation.  In  inflammation  of 
any  part,  there  is  an  increased  activity  of  the  particular  portion 
of  the  circulating  ajjparatus  supplying  that  ]>:irt.  In  the  act  of 
blushing,  there  is  a  local  activity  of  the  circulation  somewhat 
independent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  \<1iich  the 
active  agency  of  the  capillaries  is  especially  manifest  The 
veins,  as  I  have  told  you,  receiving  the  bloo<l  from  all  parts  of 
the  body,  at  length  are  all  united  into  two  veins,  which  empty 
their  a)ntents  into  the  heart.  But  there  is  a  very  remarkable 
exception  to  this.  Tlie  yeins  which  collect  the  blood  from  the 
vificf^ra  in  the  alxlomen  unite  in  one  largo  tnmk,  called  tlie  vena 
portae ;  and  this,  instead  of  pouring  it6  contents  into  the  large 
vein  that  goes  up  to  the  he^irt,  divides,  like  an  artery,  into 
1>ranche8,  which  take  all  this  blood  to  the  liver  for  the  manufius- 
tnro  of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
portal.  1,  1,  are  the  veins  coming  irom  the  intestines ;  2  is  the- 
trunk  of  the  vena  porlse ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  be  pretended  that  the 
suction  power  of  the  heart  extends  its  influence  through  tlie  veins 
that  bring  iJio  blood  from  the  liver,  then  through  the  capillaries 
of  this  organ,  and  then  through  all  the  veins  that  bnng  the 
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blood  to  the  liver,  even  to  the.  cnpillarie*.  of  the  abdomhml  vis- 
cerft.  TU^te  mnat  be,  in  this  cose,  some  propelling  power  in 
the  capiil&ries,  and  some,  too,'  aUo  in  the  veica.  If  there  nere 
not,  another  subordinate  heart  would  obviously  be  needed  in 
the  rena  ports,  to  puDip  up  the  blood  from  all  the  teiiu  of  the 
abdomin^  viscera,  and  then  to  send  it  through  all  its  branchea 
into  the  capitlarie*  of  the  liver. 

109.  The  veins  have  a  lesa  active  ageecy  in  the  circulation 
than  any  of  the  other  parte  of  the  apparatus.  It  is  for  this. 
reason  that  commonly  a^r  death  the  veins  are  found  quite 
ftill  of  blood,  while  the  arteriee  are  nearly  empty.  The  appa- 
ratus of  the  circulation  may  be  regarded  as  forming  a  drcle  of 
organs  in  this  order — the  heart,  the  arteries,  the  capillaries,  anu 
the  veins.  The  blood  is  constanUy  going  the  rounA  of  this 
drcle.  It  is  plain  that,  as  the  apparatus  is  about  to  stop,  there 
must  be  an  accumulation  in  the  weakest,  least  active,  and  most 
relaxed  of  this  circle  of  organs.  The  arteries  and  oapiUaries  forta 
tfaa  blood  into  th»  veins  to  the  laat  moment  of  life.    IluaaSBC* 
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is  the  case  wiUi  the  hydra,  represented  in  Fi^.  1.  And,  what 
is  very  singular,  the  outside  of  the  body  of  this  animal  is  just 
as  capable  of  acting  as  a  stomach  as  its  inside.  For  you  m^y 
turn  it  inside  out,  as  you  can  a  stocking,  and  yet  it  will  go  on 
to  catch  and  digest  its  food  as  usual.  But,  t^ide  as  the  varia- 
tions are  in  the  digestive  apparatus  of  animals,  the  same  com- 
mon object  is  aimed  at  in  all — the  assimilation  (§  10)  of  nu- 
trient substances  to  the  animal,  to  produce  a  material  fcom 
\v'hich  its  structure  can  be  built  and  kept  in  repair.  There  ia, 
therefore,  mucli  that  is  common  to  them  all  in  the  modes  in 
which  this  object  is  accomplished.  And  even  the  analogy 
which  exists  between  the  animal  and  plant,  in  regard  to  assimi- 
lation, does  not  relate  to  the  fact  alone,  but  in  some  measure  to 
the  modes  in  which  tbie  process  is  effected. 


CHAPTER  VI. 

GIRGULATION  OF  THB  BLOOD. 


97.  In  the  last  chapter  I  described  the  manner  in  which  the 
blood  is  made  from  the  food.  The  blood,  thus  prepared,  is 
circulated  in  every  part  of  the  body,  that  it  may  be  used  for 
the  purposes  of  construction  and  repair.  The  apparatus  by 
which  this  is  done  acts,  as  I  have  before  said,  as  the  common 
carrier  of  the  material  which  is  used  everywhere  in  the  body 
by  the  laborers,  the  builders,  to  whom  it  is  thus  brought. 

98.  This  apparatus  consists  of  several  parts — a  great  central 
organ,  the  heart,  situated  in  the  chest;  the  arteries,  the  tubes 
by  which  the  blood  is  conducted  to  all  parts  of  the  body ;  the 
veins,  other  tubes,  which  bring  the  blood  back  to  the  heart; 
and  capillaries,  a  network  of  exceedingly  minute  vessels,  through 
which  the  blood  passes  as  it  goes  from  the  extreme  arteries  into 
the  beginnings  of  the  veins.  The  blood  goes  from  the  heart 
through  a  large  artery,  called  the  aorta,  which  sends  forth 
branches ;  and  these  divide  and  subdivide,  so  that  the  extreme 
arteries,  through  which  the  blood  flows  into  the  capillary  net- 
work, are  very  minute.  And  the  veins  which  receive  the  blood 
from  this  network  to  carry  it  back  to  the  heju-t,  are  equally 
minute ;  but  joininpf  togedicr  more  and  more,  as  they  proceed 
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toward  the  heart,  they  are  at  length  all  united  into  two  great 
venous  trunkR,  one  from  above  and  the  other  from  below,  which 
pour  their  contents  into  this  organ.  The  capillaries,  taking 
their  name  from  the  Latin  word,  capilla,  a  hair,  are  so  small 
that  they  can  not  be  seen  by  the  naked  eye.  In  any  sniall 
cut,  the  blood  which  oozes  out  comes  from  multitudes  of  these 
vessels.  They  serve  to  hold  the  blood,  while  the  formative,  ves- 
sels, that  construct  and  repair  the  body,  may  select  from  it  such 
materials  as  they  need  for  their  purposes. 

90.  The  heart  is  a  great  central  forcing  and  suction  pump,  in 
the  midst  of  this  circulating  apparatus.  When  it  contracts,  it 
forces  the  blood  out  through  the  aorta  and  its  branching  ar- 
teries into  all  parts  of  the  system.  And  when  it  enlarges  or 
dilates  itself,  it,  by  suction,  as  it  is  termed,  receives  the  blood 
returning  from  the  system  through  the  veins.  The  blood  never 
ceases  to  go  these  rounds.  The  necessity  for  this  continual 
motion  you  will  perceive  as  I  proceed  with  the  development  of 
the  subject. 

100.  The  arteries  differ  from  the  veins  in  their  structure  and 
arrangement.  The  arteries  are  firm  tubes,  while  the  veins  are 
lax  in  their  structure.  The  object  of  the  difference  is  obvious. 
As  the  blood  is  forced  into  the  arteries  by  the  powerful  action 
of  the  heart,  it  is  necessary  that  they  should  be  strong  and 
firm,  else,  they  would  be  liable  to  dilatation  and  rupture,  and 
death  would  frequently  result.  As  it  is,  it  is  not  a  common 
event  to  have  an  artery  dilate  and  burst,  though  it  does  occa- 
sionally happen.  When  dilatation  does  occur  in  an  artery,  it 
is  called  an  aneurism.  But  the  arteries  need  to  be  firm,  not 
only  for  the  sake  of  security  against  rupture,  but  also  that  the 
force  of  tlie  heart  may  propel  the  blood  to  the  extremities  of 
the  arterial  system.  If  the  arteries  were  lax  tubes,  like  the 
veins,  the  impulse  would  soon  be  lost  in  the  yielding  tubes,  and 
the  blood  would  move  very  sluggishly  in  the  small  arteries  at  a 
distance  from  the  heart  What  we  call  the  pulse,  is  caused  by 
this  impulse.  If  the  arteries  were  lax  tubes,  the  pulse  would 
not  be  felt  at  any  great  distance^  from  the  heart.  Instead  of 
being  distinct,  as  it  now  is,-  with  every  beat  of  the  heart  almost 
to  the  verv  extremities  of  the  arterial  system,  it  would  be  ren- 
dered colnised  by  the  yielding  of  the  tubes,  even  quite  near 
the  heart,  i^nd  at  a  distance  from  that  organ  it  would  be  en- 
tirely lost 

lOL  Besides  the  firmness  of  the  arteries,  there  is  another 
circumstanoe  which  favors  the  freeness  of  the  flow  of  blood 
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trough  them.  It  is  their  mode  of  dinaion.  The  braiwh  of 
ua  taUity  leaves  the  muD  trunk  at  a  sharp  angle,  making  tinaa 
only  a  slight  deuation  from  the  direction  of  the  current ;  whil^ 
DQ  the  otber  hand,  in  the  veins  where  the  current  flom  in  m 
oppoeito  direction,  the  branch  unites  with  the  trunk  st  uear^  ft 
right  angle.  This  differeoce  ia  lepreseuted  in  Fig.  22  ;  1  bamg 
the  artwy,  sad  2  the  vein. 


AKTERT  AND  VBIK. 


102.  The  venous  system  has  a  much  greater  capacity  tbsn  . 
the  arteri&l.     That  is,  all  tlie  veins  of  the  body  are  together  c»- 

Enble  of  holding  more  blood  than  all  the  arteries  are.  And  tlw 
lood  moves  very  rapidly  and  direcUy  from  the  heart  throngb 
tlie  arteries,  but  it  comes  back  to  tho  heart  quit«  slowly  tliroogfa 
the  veins.  £very  tiling  is  arrani^ed  to  promote  this  rapid  at' 
cuUtion  through  the  anerics,  while  the  venous  system  is  calcu- 
lated for  a  slow  but  sure  progress  of  the  blood  back  to  the 
heart  To  secure  this,  valves,  made  of  folds  of  the  inser  lining 
of  tlie  veins  are  so  arranged  as  to  prevent  the  blood  from  flow- 
iog  in  Che  wrong  direction.  Fig.  23  represents  a  veii^cat  open 
BO  as  to  show  these  valves.  A  siiows  tLe  valves  as  thoy  appear 
when  the  vein  ia  laid  open  and  spread  out ;  B,  as  they  appear 
when  the  vein  is  simply  li ' '  '  "  '     '' 

peannce  of  the  oulaide  i 
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The  need  which  there  is  of  this  help  to  the  circnilation  through 
the  veins  is  obvious.  The  suction  power  of  the  heart  is  not 
competent,  umuded,  to  move  the  blood  througLout  all  the  Uz 
venous  sjrgtem.  These  pocket-like  valvea,  thercfura,  are  made 
in  the  veins  to  assist  the  circuUtion  there.  They  do  so  in  this 
way.  Every  motion  of  the  musdes  or  other  parts  about  the 
veins  tends  to  hcep  the  blood  in  motion,  and  the  valves  serve  to 
prevent  this  motion  from  being  in  the  wrong  direction.  The 
difference  in  force  and  velocity  with  which  the  blood  moves  in 
the  arteries  and  in  the  veins,  is  made  manifest  when  they  are 
vouDded.  The  blood  flows  from  a  wounded  vein  in  a  slow 
and  steady  stream.  From  an  artery  it  flows  rapidly,  showing 
■  the  impulse  of  the  heart  in  its  jets,  which  correspond  exactly 
with  tb^  pulse.  Hence  comes  the  danger  in  wounding  an  ar- 
tery, while  the  wound  of  a  vein  is  ordinarily  attended  wiUi  no 
danger.  Accordingly,  we  find  that  the  *  Maker  of  our  bodies" 
baa  so  placed  the  arteriea  that  they  cannot  easily  be  wounded, 
while  many  of  the  veins  are  quite  freely  exposed.  The  alteriee 
are  deeply  seated,  except  in  some  few  coses  where  this  is  im- 
possible ;  hut  the  veins  are  often  superficially  situated.  You 
can  see  this,  for  example,  in  the  bend  of  the  arm.  Some  large 
veins  appear  there  just  under  the  skin,  while  the  artery  which 
supplies  the  arm  is  imbedded  among  the  muscles  and  tendons. 
In  every  part  of  the  body,  the  meet  secnre  spot  is  chosen  for 
an  artery.  Thns,  at  the  knee  joint,  the  artery,  '"■»«"<  of  mn- 
vag  om  the  sor&ae  of  bone,  -when  it  woold  b«  liable  to  b* 
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wounded,  lies  deep  in  the  ham  at  the  rear  of  the  joint.  The 
same  is  true  of  tne  elbow  joint,  just  alluded  to,  and  of  oihtr 
parts  of  the  body.  Although  there  are  arteries  everywhere^ 
they  are  so  uniformly  deeply  seated,  that  it  is  only  in  a  few  lo- 
calities that  you  can  readily  find  one.  You  can  feel  one  pul- 
sating at  tlie  wrist,  and  also  on  the  temple.  Here  the  arteries 
are  superficial,  only  because  it  is  impossible  that  it  should  be 
otherwise. 

103.  When  the  physician  bleeds  a  patient,  he  commonly 
does  it  at  the  bend  of  tlie  arm,  as  being  the  most  oonvenient 
place  for  the  operation.  A  ligature  of  some  sort,  as  a  ribbon,  is 
tied  around  the  arm  above  tlie  elbow,  with  sufiScient  tightness 
to  interrupt  the  flow  of  blood  toward  the  heart  in  the  super- 
ficial veins,  but  not  so  tightly  as  to  prevent  the  free  supply  of 
blood  to  the  arm  by  the  artery.  It  is  commonly  tied  as  tightlj 
as  it  can  be  without  stopping  the  pulse  at  the  wrist  An  open- 
ing is  then  made  in  one  of  the  veins ;  and,  as  the  blood  flows 
freely  into  the  arm  from  the  heart  through  the  artery,  on  its 
return,  so  much  of  it  as  passes  through  the  opened  vein  is  dis- 
charged at  that  point. 

104.  It  wi41  be  proper  here  to  give  some  practical  instruc- 
tion, in  regard  to  8top))ing  the  flow  of  blood  from  a  wounded 
artery,  as  many  lives  have  been  lost  from  the  ignorance  of  by- 
standers when  such  accidents  have  happened.  Enveloping  the 
part  in  cloths,  which  is  so  commonly  done  at  such  times,  does 
no  good,  but  only  serves  to  catch  and  conceal  the  blood  as  it 
flows.  Pressure  upon  the  artery,  on  that  side  of  the  wound 
which  is  toward  the  hearty  will  of  course  iuterrui)t  the  supply  of 
blood  from  this  organ  to  the  wound.  Firm  pressure  with  the 
thumb  will  do  it.  But  the  pressure  must  be  made  at  the  right 
point,  that  is,  directly  upon  the  arter\\  You  may  not,  in  all 
cases,  press  upon  the  right  spot  at  once.  If  you  do  not,  the 
blood  will  continue  to  flow.  In  this  case,  press  at  different 
points,  until  you  find  the  point  at  which  you  see  that  pressure 
stops  the  flow  of  blood  from  the  wound.  But  you  may  not  be 
able  to  find  the  right  spot.  If  you  can  not,  you  can  *ie  a  alip 
of  strong  cloth  or  a  handkerchief  around  the  limb,  above  the 
wound,  and  twist  a  stick  in  it  until  the  bleeding  stops.  In  one 
or  the  other  of  these  ways,  you  can  prevent  the  loss  of  blood 
until  the  surgeon  arrives  to  take  charge  of  the  case. 

105.  Although  there  is  no  such  free  communication  between 
arteries  as  exists  between  the  capillaries,  there  is  some  amount 
of  communication,  and  particularly  in  certain  parts  of  the  body. 
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And  it  18  well  that  it  is  so,  for  it  sometimes  helps  the  surgeon 
to  save  a  limb,  when  he  could  not  do  it  if  there  were  no  com- 
munication. I  have  already  alluded  to  a  disease  of  the  arteries 
called  aneurism.  An  artery  has  three  coats,  one  of  which  is  a 
strong  fibrous  one.  When  this  is  thinned  or  ruptured,  the 
other  two  coats  bulge  out,  forming  a^pulsating  tumour.  And, 
as  the  blood  is  constantly  pumped  into  this  by  the  force  of  the 
heart,  it  enlarges,  and  at  length  it  may  burst,  and  the  life  of 
the  patient  will  be  destroyed  by  the  loss  of  blood.  When  an 
aneurism  formed  in  a  limb,  as  for  example  in  the  ham,  the  sur- 
geon, ill  former  times,  used  to  save  the  life  of  the  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  the  artery  above  the  aneurism  would  of  course  stop  the 
flow  of  blood  into  it ;  but  it  was  supposed  that  the  limb  would 
die,  in  that  c^ise,  from  the  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
now,  in  such  cases,  cure  the  disease,  and  save  the  limb  too,  by 
tying  the  artery.  Immediately  after  the  operation  the  limb  is 
cold,  and  tliere  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomes  free,  and  in  a  little  time  it  is 
as  well  established  as  ever.  This  is  effected  by  the  communi- 
cations which  exist  between  the  branches  which  go  off  from  the 
arteiy  above  the  aneurism,  and  those  which  go  off  below  it. 
It  is  obvious,  however,  that  this  would  not  be  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  communicat- 
ing arteries.  But  this  change  does  occur.  Some  of  them  be- 
come enlarged  to  meet  the  necessity  of  the  case.  This  is  a 
most  interesting  fact ;  and  so  is  also  the  fnct,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  Uie 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  sudden  motion,  is  peculi- 
arly apt  to  appear.  This  same  provision  avails,  of  course,  wlien 
aneurism  is  cured-  by  pressure  made  upon  the  artery  Above  it, 
a  measure  which  modern  surgery  has  found  in  many  cases  to 
be  as  eiiectual  as  tying  the  artery. 

/  106.  There  have  been  ereat  differences  of  opinion  among 
physiologists,  in  regard  to  we  proportionate  amounts  of  agency 
that  the  diflbrent  parts  of  the  apparatus  have  in  carrying  on 
ihe  circulation.  The  heart  manifestly  exerts  the  chief  agency, 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  this 
way.  Fill  a  ball  of  India  rubber,  to  which  a  tube  »  attached, 
witii  water,  and  immni«e  the  tube  in  water  in  a  veiieL    If  yov 
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press  the  sides  of  the  ball  together,  some  of  the  water  is  foroed 
out  into  the  veasel.  This  represents  the  contraction  of  Iha 
heart  I(  now,  you  allow  the  ball  by  its  elasticity  to  rdsnme 
iti  round  shape,  the  water  rushes  into  it  from  the  vessel.  Tbh 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  its  elasticity ;  and  so  it  is  supposed  by  somo 
that  the  dilatation  of  the  heart  results  from  the  same  cause,  iti 
contraction  alone  being  produced  by  muscular  action.  Whether 
tbiR  be  BO  or  not,  tlie  dilatation  is  an  active  one,  and  the  blood 
rushes  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  that,  as  has  been  shown  by  expeii- 
ments  on  animals,  even  a  great  amount  of  pressure  is  not  aUe 
to  prevent  its  taking  place. 

107.  But,  great  as  the  agency  of  the  heart  is,  it  is  not  tme 
that  it  is  the  only  moving  power,  and  that  the  arteries  and  veids 
are  mere  passive  conducting  tubes.  There  are  various  phenomena 
which  show  that  the  arteries,  the  capillaries,  and  even  the  lax 
veins,  exert  a  considerable  agency  in  circulating  tlie  blood.  I 
will  merely  allude  to  some  of  these  phcnumona.  Determina" 
tions  of  blood  to  particular  parts  show  that  the  blood-vessels 
have  an  active  agency  in  the  circulation.  In  inflammation  of 
any  part,  there  is  an  increased  actinty  of  the  particular  portion 
of  the  circulating  apparatus  supplying  that  jtart  In  the  act  of 
blushing,  there  is  a  local  activity  of  the  circulation  somewhat 
indc|)endent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  \diich  the 
active  agency  of  the  capillaries  is  especially  manifest  The 
veins,  as  I  have  told  you,  receiving  the  blood  from  all  parts  of 
the  body,  at  length  are  all  united  into  two  veins,  which  empty 
their  contents  into  the  heart.  But  there  is  a  very  remarkable 
exception  to  this.  The  yeius  which  collect  the  blood  from  the 
vifK^era  in  the  aMomen  unite  in  one  large  trunk,  called  the  vena 
portoi ;  and  this,  instead  of  pouring  its  contents  into  the  large 
vein  that  goes  up  to  the  heart,  divides,  like  an  artery,  into 
bninches,  wliich  take  all  this  b](X)d  to  the  liver  for  the  manufius- 
ture  of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
portic.  1,  1,  are  the  veins  coming  firom  the  intestines ;  2  is  the. 
trunk  of  the  vena  porUe  ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  l>e  pretended  that  the 
suction  power  of  the  heart  extends  its  influence  through  the  veins 
that  bring  the  blood  from  the  liver,  then  tli rough  the  capillaries 
of  this  organ,  and  then  through  all  the  veins  that  bring  the 
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blood  to  the  HvOT,  even  to  the-capUlariea^of  the  abdominal  vi»- 
cerA.  TUbre  must  be,  in  this  oaae,  torae  propelling  power  in 
tlie  capillariee,  and  eomo,  too,-  also  in  the  veins.  If  there  were 
not,  another  subordinate  heart  would  obviously  be  needed  in 
the  Tena  portffi,  to  puiUp  up  the  blood  from  all  the  veins  of  tbe 
abdominal  viscera,  and  then  to  send  it  through  all  its  branche* 
into  the  capillariea  of  the  liver. 

109.  The  veins  have  a  less  active  agency  in  the  circulation 
than  any  of  the  other  parts  of  the  apparatus.  It  is  for  this. . 
reason  ibai  commoaly  after  death  the  veins  are  found  quite 
full  of  blood,  while  the  arteries  are  nearly  empty.  The  appa- 
ratus of  the  circulation  may  be  regarded  as  forming  a  circle  of 
organs  in  this  order — the  heart,  the  arteries,  the  capillaries;  and 
ihe  veins.  The  blood  is  constantly  going  the  ronnA  of  this 
circle.  It  is  plain  that,  as  the  apparatus  is  about  to  stop,  than 
most  be  an  accumulation  in  the  weakest,  least  active,  and  most  - 
relaxed  of  this  circle  of  organs.  The  arteries  and  cttpillaries  foiW 
tfaa  blood  into  tfa»  veins  to  the  UbI  moment  of  life.    "Out  aAc' 
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is  the  case  with  the  hydra,  represented  in  Fig.  1.  And,  what 
is  very  singular,  the  outside  of  the  hody  of  this  animal  is  just 
as  capable  of  acting  as  a  stomach  as  its  inside.  For  you  may 
turn  it  inside  out,  as  you  can  a  stocking,  and  yet  it  will  go  on 
to  catch  and  digest  its  food  as  usual.  But,  ^'ide  as  the  varia- 
tions are  in  the  digestive  apparatus  of  animals,  the  same  com- 
mon object  is  aimed  at  in  all — the  assimilation  (§  10)  of  nu- 
trient substances  to  the  animal,  to  produce  a  material  from 
whicli  its  structure  can  be  built  and  kept  in  repair.  There  is, 
tliercforc,  much  that  is  common  to  them  all  in  the  modes  in 
which  this  object  is  accomplished.  And  even  the  analogy 
which  exists  between  the  animal  and  plant,  in  regard  to  assimi- 
lation, does  not  relate  to  the  fact  alone,  but  in  some  measure  to 
the  modes  in  which  th'e  process  is  effected. 


CHAPTER  VI. 

CmCULATION  OF  THE  BLOOD. 


97.  In  the  last  chapter  I  described  the  manner  in  which  the 
blood  is  made  from  the  food.  The  blood,  thus  prepared,  is 
circulated  in  every  part  of  the  body,  that  it  may  be  used  for 
the  purposes  of  construction  and  repair.  The  apparatus  by 
which  this  is  done  acts,  as  I  have  before  said,  as  the  common 
carrier  of  the  material  which  is  used  ever}' where  in  the  body 
by  the  laborers,  the  builders,  to  whom  it  is  thus  brought. 

08.  This  apparatus  consists  of  several  parts — a  great  central 
organ,  the  heart,  situated  in  the  chest;  the  arteries,  the  tubes 
by  which  the  blood  is  conducted  to  all  parts  of  the  body  ;  the 
veins,  other  tubes,  which  bring  the  blood  back  to  the  heart ; 
and  capillaries,  a  network  of  exceedingly  minute  vessels,  through 
which  the  blood  passes  as  it  goes  from  tlie  extreme  arteries  into 
the  beginnings  of  the  veins.  The  blood  goes  from  the  heart 
through  a  large  artery,  called  the  aorta,  which  sends  forth 
branches ;  and  these  divide  and  subdivide,  so  that  the  extreme 
arteries,  through  which  the  blood  flows  into  the  capillary  net- 
work, are  very  minute.  And  the  veins  which  receive  the  blood 
from  this  network  to  carr)'  it  back  to  the  heart,  are  equally 

■QOte ;  but  joininpf  togetlier  more  and  more,  as  they  proceed 
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.toward  the  heart,  they  are  at  length  all  united  into  two  great 
venous  trunks,  one  from  above  and  the  other  from  below,  which 
pour  their  contents  into  this  organ.  The  capillaries,  taking 
their  name  from  the  Latin  word,  capilla,  a  hair,  are  so  small 
that  they  can  not  be  seen  by  the  naked  eye.  In  any  sniall 
cut,  the  blood  which  oozes  out  comes  from  multitudes  of  these 
vessels.  They  serve  to  hold  the  blood,  while  the  formative,  ves- 
sels, that  construct  and  repair  the  body,  may  select  from  it  such 
materials  as  they  need  for  their  purposes. 

99.  The  heart  is  a  great  central  forcing  and  suction  pump,  in 
the  midst  of  this  circulating  apparatus.  When  it  contracts,  it 
forces  the  blood  out  through  the  aorta  and  its  branching  ar- 
teries into  all  parts  of  the  system.  And  when  it  enlarges  or 
dilates  itself,  it,  by  suction,  as  it  is  termed,  receives  the  blood 
returning  from  the  system  through  the  veins.  The  blood  never 
ceases  to  go  these  rounds.  The  necessity  for  this  continual 
motion  you  will  perceive  as  I  proceed  with  the  development  of 
the  subject. 

100.  The  arteries  differ  from  the  veins  in  their  structure  and 
arrangement  The  arteries  are  firm  tubes,  while  the  veins  are 
lax  in  their  structure.  The  object  of  the  difference  is  obvious. 
As  the  blood  is  forced  into  the  arteries  by  the  powerful  action 
of  the  heart,  it  is  necessary  that  they  should  be  strong  and 
firm,  else,  they  would  be  liable  to  dilatation  and  rupture,  and 
death  would  frequently  result.  As  it  is,  it  is  not  a  common 
event  to  have  an  artery  dilate  and  burst,  though  it  does  occa- 
sionally happen.  When  dilatation  does  occur  in  an  artery,  it 
is  called  an  aneurism.  But  the  arteries  need  to  be  firm,  not 
only  for  the  sake  of  security  against  rupture,  but  also  that  the 
force  of  the  heart  may  propel  the  blood  to  the  extremities  of 
the  arterial  system.  If  the  arteries  were  lax  tubes,  hke  the 
veins,  the  impulse  would  soon  be  lost  in  the  yielding  tubes,  and 
the  blood  would  move  very  sluggishly  in  the  small  arteries  at  a 
distance  from  the  heart  What  we  call  the  pulse,  is  caused  by 
this  impulse.  If  the  arteries  were  lax  tubes,  the  pulse  would 
not  be  felt  at  any  great  distance^  from  the  heart.  Instead  of 
being  distinct,  as  it  now  is,- with  every  beat  of  the  heart  almost 
to  the  verv  extremities  of  the  arterial  system,  it  would  be  ren- 
dered cofliised  by  the  yielding  of  the  tubes,  even  quite  near 
the  heart,  i^nd  at  a  distance  from  that  organ  it  would  be  en- 
tirely lost 

101.  Besides  the  firmness  of  the  arteries,  there  is  another 
circumstance  which  favors  the  freeness  of  the  flow  of  blood 
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through  them.  It  ib  their  mode  of  division.  Hie  bnuwfa  of 
su  artonr  leaves  the  maio  trunk  at  n  shup  angle,  making  thna 
only  a  aliaht  delation  from  the  direction  oF  the  currmt ;  wfa]l% 
on  the  otLer  hand,  in  the  veins  where  the  current  flows  in  u 
oppOBite  direction,  the  branch  unitee  with  the  trunk  at  uearlj  & 
nght  angle.  This  difference  is  represented  in  ¥ig.  22  ;  1  bc^ng 
the  arterj,  and  2  the  vein. 


ARTEnr  AND  VBIN. 


102.  The  venottt  B}«tem  has  a  much  greater  capacity  than  . 
the  arterial.  That  is,  all  the  veins  of  the  body  are  together  ca- 
pable of  holding  more  blood  tlian  all  tlie  arteries  are.  And  tha 
blood  moves  very  rapidly  and  directly  from  the  heart  through 
tlie  arteries,  but  it  comes  back  to  tbo  heart  quite  slowly  through 
the  veins.  Every  tiling  is  arranged  to  promote  this  rapid  dp- 
culation  through  the  arteries,  while  the  venous  system  is  catcn- 
lated  fur  a  slow  but  sure  progress  of  the  blood  back  to  the 
heart  To  secure  this,  valves,  liiade  of  folds  of  the  inner  lining 
of  the  veins  are  so  arranged  as  to  prevent  the  blood  from  flow- 
ing in  die  wrong  direction.  Fig.  23  represents  a  veiiAmt  open 
'  so  as  to  show  these  valves.  A  shows  the  valves  as  they  appear 
when  the  vein  is  laid  open  and  spread  out ;  B,  as  they  appear 
when  the  vein  is  simply  laid  open ;  and  C  represents  tlie  ap- 
•""arauce  of  the  outside  of  the  vein  where  there  are  valvts. 
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Hie  need  which  there  is  of  this  help  to  the  ciroolation  throogh 
the  Teina  is  obvious.  The  suctjon  power  of  the  heart  is  not 
oompetent,  unaided,  to  move  the  blood  throughout  &11  the  lax 
venoOB  Hystem.  Theee  pocket-like  tbItcs,  therefore,  are  made 
in  the  veins  to  assist  the  circulation  there.  The;  do  so  in  this 
way.  Every  motion  of  the  muftcles  or  other  parte  about  the 
mns  tends  to  keep  tha  blood  in  motion,  and  the  vakes  serve  to 

Srevent  this  motion  from  being  in  the  wrong  direction.  The 
ifforence  in  force  and  velocity  with  which  tlie  blood  moves  in 
the  arteries  and  in  the  veins,  is  made  mani&st  when  they  are 
wounded.  The- blood  flows  from  a  wounded  vein  in  a  slow 
Knd  steady  stream.  From  an  art^iy  it  flows  rapidly,  showing 
.the  impulse  of  the  heart  in  ite  jets,  which  correspond  exactly 
with  the  pulse.  Hence  comes  the  danger  in  wounding  an  ar- 
tery, while  the  wound  of  a  vein  b  ordinarily  attended  with  no 
danger.  Accordingly,  we  find  that  the  "  Maker  of  our  bodies" 
hM  so  placed  the  arteries  that  they  cannot  easily  be  wounded, 
while  many  of  the  veins  are  quite  freely  exposed.  The  a'heriee 
are  deeply  seated,  except  in  some  few  cases  where  this  is  im- 
poesible ;  bnt  tha  veins  are  often  superficially  utuated.  Yon 
can  see  this,  for  example,  in  the  bend  of  the  arm.  Some  large 
veins  appear  there  just  under  the  skin,  while  the  artery  whi^ 
supplies  the  arm  is  imbedded  among  the  muscles  and  tendon*, 
In  every  part  of  the  body,  the  moet  secure  spot  is  choeen  fa 
an  artery.  Thus,  at  the  knee  joint,  the  arterr,  instead  of  nn 
mug  OTsr  the  surboa  of  bone,  where  it  would  be  liable  to  bb 
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wounded,  lies  deep  in  the  ham  at  the  rear  of  the  joint  The 
same  is  true  of  tiie  elbow  jointi  just  alluded  to,  and  of  other 
parts  of  the  body.  Although  there  are  arteries  everywhere^ 
they  are  so  uniformly  deeply  seated,  that  it  is  only  in  a  few  lo- 
calities that  you  can  readily  find  one.  You  can  feel  one  pul- 
sating at  the  wrist,  and  also  on  the  temple.  Ilere  the  arteries 
are  superficial,  only  because  it  is  impossible  that  it  should  be 
otherwise. 

103.  When  the  physician  bleeds  a  patient^  he  commonly 
doas  it  at  the  bend  of  the  arm,  as  being  the  most  convenient 
place  for  the  operation.  A  ligature  of  some  sort,  as  a  ribbon,  is 
tied  around  the  arm  above  the  elbow,  with  sufficient  tightness 
to  interrupt  the  flow  of  blood  toward  the  heart  in  the  super- 
ficial veins,  but  not  so  tightly  as  to  prevent  the  free  supply  of 
blood  to  the  arm  by  the  artery.  It  is  commonly  tied  as  tightly 
as  it  can  be  without  stopping  the  pulse  at  the  wrist.  An  open- 
ing is  then  made  in  one  of  the  veins ;  and,  as  the  blood  flows 
freely  into  the  arm  from  the  heart  through  the  artery,  on  its 
return,  so  much  of  it  as  passes  through  the  opened  vein  is  dis- 
charged at  that  point. 

104.  It  y/ili  be  proper  here  to  give  some  practical  instruc- 
tion, in  regard  to  stopping  the  flow  of  blood  from  a  wounded 
artery,  as  many  lives  have  been  lost  from  the  ignorance  of  by- 
standers when  such  accidents  have  hap})ened.  Enveloping  the 
part  in  cloths,  which  is  so  commonly  done  at  such  times,  does 
no  good,  but  only  serves  to  catch  and  conceal  the  blood  as  it 
flows.  Pressure  upon  the  artery,  on  that  side  of  the  wound 
which  is  toward  the  hearty  will  of  course  interrupt  the  supply  of 
blood  from  this  organ  to  the  wound.  Firm  pressure  witJi  the 
thumb  will  do  it.  But  the  pressure  must  be  made  at  the  right . 
point,  that  is,  directly  upon  the  artery.  You  may  not,  in  all 
cases,  press  upon  the  right  spot  at  once.  If  you  do  not,  the 
blood  will  continue  to  flow.  In  this  case,  press  at  diflerent 
points,  until  you  find  the  point  at  which  you  see  that  pressure 
stop  the  flow  of  blood  from  the  wound.  But  you  may  not  be 
able  to  find  tlie  right  spot.  If  you  can  not,  you  can  *ie  a  slip 
of  strong  cloth  or  a  handkerchief  around  the  limb,  above  the 
wound,  and  twist  a  stick  in  it  until  the  bleeding  stops.  In  one 
or  the  other  of  these  ways,  you  can  prevent  the  loss  of  blood 
until  the  surgeon  arrives  to  take  charge  of  the  case. 

105.  Although  there  is  no  such  free  communication  between 
arteries  as  exists  between  the  capillaries,  there  is  some  amount 
of  oommunication,  and  particularly  in  certain  parts  of  the  body. 
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And  it  18  well  that  it  is  so,  for  it  sometimes  helps  the  surgeon 
to  save  a  limb,  when  he  could  not  do  it  if  there  were  no  com- 
munication. I  have  already  alluded  to  a  disease  of  the  arteries 
called  aneurism.  An  artery  has  three  coats,  one  of  which  is  a 
strong  fibrous  one.  When  this  is  thinned  or  ruptured,  the 
'Other  two  coats  bulge  Out,  forming  a^^ulsating  tumour.  And, 
as  the  blood  is  constantly  pumped  into  this  by  the  force  of  the 
heart,  it  enlarges,  and  at  length  it  may  burst,  and  the  life  of 
the  patient  will  be  destroyed  by  tlie  loss  of  blood.  When  an 
aneurism  formed  in  a  limb,  as  for  exaimple  in  the  hum,  the  sur- 
geon, in  former  times,  used  to  save  the  life  of  the  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  the  artery  above  the  aneurism  would  of  course  stop  the 
flow  of  blood  into  it ;  but  it  was  supposed  that  the  limb  would 
die,  in  that  case,  from  tlie  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
now,  in  such  cases,  cure  the  disease,  and  save  the  limb  too,  by 
tying  the  artery.  Immediately  afier  the  operation  tiie  limb  is 
cold,  and  there  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomes  free,  and  in  a  little  time  it  is 
as  well  established  as  ever.  This  is  effected  by  the  eonmiuni- 
cations  which  exist  between  the  branches  which  go  off  from  the 
artery  above  the  aneurism,  and  those  which  go  off  below  it. 
It  is  obvious,  however,  that  this  would  not  be  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  communicat- 
ing arteries.  But  this  change  does  occur.  Some  of  them  be- 
come enlarged  to  meet  the  necessity  of  the  case.  This  is  a 
most  interesting  fact ;  and  so  is  also  the  fact,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  the 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  sudden  motion,  is  peculi- 
arly apt  to  appear.  This  same  provision  avails,  of  course,  when 
aneurism  is  cured-  by  pressure  made  upon  the  artery  Above  it, 
a  measure  which  modem  surgery  has  found  in  many  cases  to 
be  as  effectual  as  tying  the  artery. 

/  106.  There  have  been  ereat  dififerences  of  opinion  among 
physiologists,  in  r^ard  to  we  proportionate  amounts  of  agency 
that  the  difibrent  parts  of  the  apparatus  have  in  cairr}'ing  on 
the  circulation.  The  heart  manifestly  exerts  the  chief  agency, 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  thi^ 
way.  Fill  a  ball  of  India  rubber,  to  which  a  tube  is  attached, 
wiUi  waUr,  and  immrrse  the  tube  in  water  in  a  ye89el.    If  yo« 
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press  the  sides  of  the  ball  together,  some  of  the  water  is  fbixsed 
out  into  the  vesseL  This  represents  the  oontraetion  of  tha 
heart  If^  now,  you  allow  the  ball  by  its  elasticity  to  rdaume 
iti  round  shape,  the  water  rushes  into  it  from  the  vessel.  Tbm 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  its  elasticity ;  and  so  it  is  supposed  by  some 
that  the  dilatation  of  the  heart  results  from  the  same  cause,  its 
contraction  alone  being  poduced  by  muscular  action.  Whether 
this  be  so  or  not,  the  dilatation  is  an  active  one,  and  the  blood 
rushes  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  that,  as  has  been  shown  by  experi- 
ments on  animals,  even  a  great  amount  of  pressure  is  not  able 
to  prevent  its  taking  place. 

107.  But,  great  as  the  agency  of  the  heart  is,  it  is  not  true 
that  it  is  the  only  moving  ])owor,  and  that  the  arteries  and  veins 
are  mere  passive  conducting  tube«.  T]i(*re  are  various  ]>henomeDa 
which  show  that  the  arteries,  the  capillaries,  and  even  the  lax 
veins,  exert  a  consideraltle  agency  in  circulating  the  blood.  I 
will  merely  allude  to  some  of  these  phenunlona.  Determina- 
tions of  blood  to  particular  }>arts  show  that  the  blood-vessels 
have  an  active  agency  in  the  circulation.  In  inflammation  of 
any  part,  there  is  an  increased  activity  of  the  particular  portion 
of  the  circulating  apparatus  supplying  that  part-.  In  the  act  of 
blushing,  there  is  a  local  iictivity  of  the  circulation  somewhat 
independent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  ^lich  the 
active  agency  of  the  capillaries  is  especially  manifest  The 
veins,  as  I  have  told  you,  receiving  the  blood  from  all  parts  of 
the  body,  at  length  are  all  united  into  two  veins,  which  empty 
their  contents  into  the  heart  But  there  is  a  very  remarkable 
exception  to  this.  Tlie  yeius  which  collect  the  blood  from  the 
vificfira  in  the  abdomen  unite  in  one  large  trunk,  called  the  vena 
portis ;  and  tliis,  instead  of  pouring  its  contents  into  the  large 
vein  that  goes  up  to  the  heart,  divides,  like  an  artery,  into 
branches,  which  take  all  this  blood  to  the  liver  for  the  mnnu&o- 
tnro  of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
porta3.  1,  1,  are  the  veins  coming  from  the  intestines ;  2  is  the. 
trunk  of  the  vena  porUc  ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  be  pretended  tliat  the 
suction  power  of  the  heart  extends  its  influence  through  the  veins 
that  bring  the  blood  from  the  liver,  then  through  the  capillaries 

^  this  organ,  and  then  through  all  the  veins  that  bnng  the 
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blood  to  the  liver,  even  to  tbe.  cnpillarics.  of  the  abdominal  vis- 
cera Ttfere  must  be,  in  this  cose,  some  propelling  power  in 
the  c&pillaries,  and  soma,  too,  also  in  the  veins.  If  there  were 
not,  another  Bubordiiiato  heart  would  obviously  be  needed  in 
tbe  vena  ports,  to  pump  up  the  blood  from  all  the  veins  of  the 
Abdominal  viscera,  and  then  to  eend  it  through  all  its  branches 
into  the  capillaries  of  the  liver. 

109.  The  Tcins  have  a  less  active  agency  in  the  ciftinlation 
than  any  of  the  other  parts  of  the  apparatna.     It  ia  for  this 
reason  that  commonly  a^r  death  tbe  veins  are  band  quite 
foil  of  blood,  wbila  the  arteries  are  nearly  empt;^.     Tbt'mf^ 
rataa  of  the  ch'culation  may  be  regarded  aa  forming  a  arm  ' 
oi^ans  in  this  order — the  heart,  the  arteries,  tbe  ««piltarie^  I 
the  veins.     The  Wood  is  constantly  going  the  lonnA  of  t 
circle.     It  is  plain  that,  as  the  apparatus  is  abont  to  ito^  tb 
most  be  an  accumulation  in  tbe  weake«t,  least  active,  aM  tnv 
relaxed  of  this  circle  of  organs.  Tbe  arteries  and  cainllariw^ 
tto  blood  into  tb»  Teins  to  tba  Uat  nwnuitt  of  life,    "^iat  H 
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probably  extends  no  further  than  the  smaller  veins ;  but  the  hear^ 
by  its  active  dilatation,  draws  tlie  blood  from  tlicm  into  the  larger 
veins.  And  as  these  two  forces,  at  the  two  ends  of  the  venous 
system,  are  at  work  up  to  the  last  moment,  the  whole  of  this 
system  is  filled  ^vith  blood. 

110.  The  fact,  that  tlie  larger  arteries  are  commonly  found 
nearly  em})ty  of  blood  after  death,  gave  the  ancients  Uie  idea 
that  air  circulated  in  arteries,  while  blood  circulated  in  veins. 
Hence,  the  nanit',  artery,  is  derived  from  two  Greek  word»,  sig- 
nifying to  hold  air.  And  hence,  also,  by  long  established  cus- 
tom, in  common  language,  the  blood  is  spoken  of  as  running  in 
our  veins ;  and  it  would  sound  strangely,  if,  in  common,  and 
especially  in  )>oi>tical  language,  wo  should  speak  of  it  as  running 
in  our  arteries  also.  Although  there  were  from  titue  to  time 
some  glimpses  of  the  true  idea  of  the  circulation,  it  was  not 
really  developed  and  demonstrated  till  al)out  two  hundred 
and  thirty  years  ago.  Harvey  spent  eight  years  in  maturing 
his  ideas  on  the  subject  When  he  published  them,  they  en- 
countered much  opposition ;  but  he  lived  long  enough  to  see 
them  almost  universally  received  by  the  medical  world,  although 
the  profession  was  in  a  nmch  K-ss  enlightened  state  than  "it  is  at 
tlie  present  day. 

111.  I  will  now  take  you  a  stvp  farther  in  the  development 
of  the  plan  of  the  circulation.  I  have  said  that  the  olfice  of 
the  arteries  is  to  conduct  the  blood  to  the  network  of  capil- 
laries, and  that  in  the  cjipillaries  the  blood  has  reached  its 
place  of  d(»stinatiun  where  it  is  to  l>e  used.  The  foriuetive  ves- 
sels, appended  to  the  capillaries,  take  from  the  blood  what  they 
need  for  Uieir  various  purposes,  and  at  the  same  time  there  is 
added  to  the  blood  refuse  matter  fioni  the  waste  of  the  tissues. 
The  blood,  then,  is  changoil  while  it  is  in  the  capillaries.  You 
see  the  change  iij  its  color.  In  the  arteries  it  was  red ;  but, 
after  parsing  through  the  capilLiries,  it  appears  in  the  veins  of 
a  purple  color.  It  is  also  as  much  changed  in  other  properties. 
It  is  no  longi^r  fitted  to  nouri.sh  the  body.  It  would  even  {>roTe 
a  poison  to  any  org^m  if  it  should  flow  into  its  capillaries.  If  it 
should,  for  example,  be  sent  to  the  brain,  instead  of  bright  ar- 
tci-ial  bliKxl,  that  organ  would  cease  to  do  its  oflice ;  insensibility 
would  ensue,  and  life  would  soon  be  destroyed,  if  the  flow  of 
red  blood  could  not  be  established. 

112.  This  purple  blood,  which  comes  back  to  the  heart  from 
the  capillaries  by  the  veins,  must,  therefore,  be  in  some  way 
changed  to  rod  blood,  before  it  is  again  sent  all  over  the  system 
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through  the  arteries.  This  change  is  effected  in  the  lungs.  As 
the  purple  blood  returns  to  the  heart,  it  is  sent  by  the  heart  to 
the  lungs,  in  order  to  be  exposed  to  the  air  before  it  is  sent 
again  over  the  system.  For  this  purpose  there  are  two  circula- 
tions, and  the  heart  is  a  double  organ ;  or  rather,  there  are  in 
effect  two  hearts  for  the  two  circulations,  for  the  two  sides  of 
the  heart  have  no  communication  with  each  other.  The  appa- 
ratus for  all  this  is  very  comphcated,  but  I  think  it  can  be  made 
dear  to  you. 

113.  I  present,  first,  a  diagram,  which  is  intended  to  repre- 
sent merely  the  course  of  the  circulation,  without  regard  to 
proportionate  size,  or  to  minutiae  in  the  arrangement  of  the  ap- 
paratus. Let  a  represent  the  right  side  of  the  heart,  c  the  left 
side,  h  the  lungs,  and  d  the  general  system  of  the  body.  The 
arrows  show  the  direction  in  which  the  blood  flows.  In  all  the 
shaded  part  the  blood  is  venous  or  purple,  and  in  the  part  not 
shaded  it  is  arterial  or  red.  We  will  now  take  some  point  of 
beginning,  and  trace  on  the  Figure  the  course  of  the  circulation. 

FIG.  25. 


DIAGRAM  8H0WINO  THE  COURSE  OF  THE  CIBCULATIOir. 


We  will  start  at  a,  the  right  side  of  the  heart  The  blood  re- 
ceived here,  of  a  purple  color,  from  the  whole  body  by  the 
veins,  is  sent  by  the  heart  to  6,  the  lungs.  Here  it  changes  to 
red  blood,  and  passes  by  veins  back  to  the  heart — but,  observe, 
it  is  to  the  left  side  of  the  heart,  c.  It  is  now  sent  by  this  left 
half  of  the  heart  to  all  parts  of  the  sptem,  represented  by  d- 
Here,  in  the  capillaries,  it  is  changed  to  purple  blood,  and  ff06 
back  by  veins  to  the  right  side  of  the  heart,  a,  the  place  wEei 

ire  started. 
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114.  You  see,  then,  that  tb^re  are  two  separate  circulatiou, 
one  through  the  general  system,  and  the  other  through  the  lunga 
alone.  In  both  drculations  the  blood  is  sent  from  the  heart 
by  arteries,  and  is  brought  hack  to  it  by  veios.  But  notice  tbat, 
while  in  the  general  circulation  the  red  blood  is  in  the  arteries, 
and  the  purple  in  the  vi'liis,  in  the  circulation  through  the  lunga 
it  U  reversed — tie  red  blood  ia  in  the  veins,  and  the  purple  it 
in  the  arteries.  So,  also,  while  the  change  of  the  blood  in  the 
capillaries  of  the  general  system  is  from  red  to  purple,  in  the 
capillaries  of  the  lunga  it  is  from  purple  to  red. 

115.  There  are  not  only  two  sides  or  halves  of  the  heart, 
separated  entirely  from  each  other,  but  each  of  these  sides  bas 
two  aiartmeiila,  with  valves  or  folding  doors  between  them,  so 
arranged  that  the  blood  can  pass  one  way  through  them,  but 
not  the  other.  There  are  also  valves  at  the  beginning  of  tho 
great  artery  of  the  heart,  tho  aorta.  These  are  so  arranged 
that  the  blood  can  go  freely  out  of  thu  heart  into  the  art«ty, 
but  not  a  drop  can  get  back  from  the  artery  into  the  heart. 
There  are  similar  valves,  al.-H>,  at  the  beginning  of  the  great  ar- 
tery, by  which  tho  purple  blood  ia  sent  from  the  heart  to  the 

116.  In  Fig.  26,  is  represented  a  section  of  the  right  side  of 
the  heart,  for  the  purpose  of  giving  you  an  idea  of  the  arrange- 
inent  and  the  relative  sizi^  of  the  two  apartments.  The  auriett, 
u,  so  called  because  a  part  of  it  has  some  resemblance  to 
an  ear,  receives  the  blood  from  thu  whole  system  by  two 
large  veins,  6,  6,  called  the  vctum  cav<e. 

From  the  auricle  it  passes  into  the  ven-  pig.  ae. 

trit:le,  v,  which  by  its  contractions  sends  a 

it  to  the  lungs  through  the  pulmonary  _^  i 

artery,/     "Hie  valve  between  tho  au-  b-^  \    ^-  f 

ricle  and  ventricle  is  composed  of  three  Im^^U 

membraneous  sheets,  which  are  held  at  lH^^KV'     ' 

their  edges  by  small  tendinous  cords,  d,  r^^^^l 

just  as  a  sail  is  held  by  the  roues  at  its  |lvi^|\  ' " 

corners.     This  valve  perroiU  the  blood  ii-lj\>^J 

to  pass  from  the  auricle  into  the  ventri-  i 

cle;  but  when  it  attempts  to  pass  back  " 

from   the   ventricle    to   the    auricle,   it  bbction  op  thb  fttam 

pushes  back  the  sheets  of  the  valce,  they  sidb  op  the  ukart. 
being  prevented  from  going  too  far  back 

by  the  tendinous  cords.    There  are  also  valvee  at  e,  the  bwinnioff 
the  jiulmooary  artery,  which  allow  the  blood  to  pass  urongf 
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tbem  into  the  artery,  but  do  blood  can  pass  through  them  from 
the  aftery  back  into  the  ventricle.  I  shall  soon  call  your  atten- 
tion iigaiu  to  these  different  valves,  that  you  may  sec  more  par- 
tjcularly  their  structure  and  arrangement 

117.  Tbe  auricle  and  ventricle  act  in  this  way  in  propelling 
the  blood.  When  the  auricle  contracta,  the  ventricle  dilalJjs* 
to  receive  the  blood  from  the  auricle.  The  valves  beticeen  tbcni 
are  open  while  this  is  taking  place.  But  the  next  moment  the 
veutncte  contracts  and  the  auricle  dilates.  You  at  once  see, 
that  if  now  the  valves  between  them  should  be  open,  the  blood 
would  bo  forced  back  into  the  auricle.  But  the  membranous 
sheets  of  these  valves  shut  upon  each  other  as  the  ventricle 
contracts,  and  thus  prevent  the  blood  from  going  back.  It 
then-fore  is  discharged  through  the  pulmonary  artery,  /,  the 
valves  there  being  open.  And  when  the  ventricle  dilates,  you 
can  see  that  the  bloud  would,  from  suction,  enter  it  from  the 
artery  as  wpII  as  from  the  auricle,  if  the  valves  at  the  orifice  of 
the  artery  should  remHio  ojien.  They  are  accordingly  shut 
when  the  ventricle  dilates.  You  see,  then,  that  when  the 
auricle  dilates  and  the  ventricle  contracts,  the  valves  between 
the  auricle  and  ventricle  are  closvd,  and  the  valves  at  the  mouth 
of  the  pulmonnry  artery  are  open ;  and,  on  the  other  hand, 
when  the  ventricle  dilates  and  the  auricle  contracts,  the  valves 


118.  Dr.  Carpenter  has  a  very  good  illustration  of  the  rela- 
tion of  the  actions  of  the  auricle  and  ventricle,  in  a  representa- 
tion given  in  Fig.  27.  The  apparatus  which  is  represented 
consists  of  two  pumps,  a  and  b,  the  pistons  of  which  move  up 
and  down  alternately.  These  are  connected  with  a  pipe,  e,  f, 
in  which  there  are  two  valves,  d  and  e,  opening  in  the  direction 
of  the  arrows.  The  portion  e  of  the  pipe  represents  the  venous 
trunk  discharging  its  blood  iuto  the  heart,  and  the  porbon  f, 
the  artery  which  li  the  outlet  for  the  blood.  The  pump,  a, 
represenla  the  auricln,  and  the  pump,  b,  the  ventricle.  When 
the  piston  in  a  is  raised,  the  fluid  enters  through  e  to  fill  it  by 
suction,  as  it  is  termed.  When,  now,  its  piston  is  lowered,  the 
fluid  is  forced  through  the  valve  d  into  the  pump  b,  (which  re- 
presents the  ventricle,)  whose  piston  is  at  the  same  time  raised 
to  receive  it.     And  when  the  piston  in  h  is  lowered  in  its  turn. 
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through  them.  It  is  thrar  mod«  of  division.  The  bnuch  of 
an  aitary  leaves  the  main  trunk  at  a  sharp  angle,  making  thai 
only  a  slight  deviation  from  the  direction  tit  ths  current ;  whil^ 
on  the  outw  hand,  in  the  veins  nhere  the  cnrrenl  flows  in  aa 
oppoHito  direction,  the  branch  unites  with  the  trunk  at  nearijr  a 
nglit  angle.  This  difforenco  is  Topresented  in  fig.  22  ;  1  bung 
the  artar;,  and  2  the  vein. 


102.  The  venous  system  haa  a  much  greater  capadH  than  . 
the  arterial,  lliat  is,  all  the  veins  of  the  body  are  together  ca- 
pable of  holding  more  btood  than  all  the  arteries  are.  And  the 
blood  moves  very  rapidly  and  directly  from  the  heart  through 
tlie  arteries,  but  it  comee  bock  to  the  heart  quite  slowly  through 
the  veins.  Every  thing  is  arranged  to  promote  this  rapid  cir- 
culation through  the  ancrics,  white  the  venous  system  is  calcu- 
lated for  a  slow  but  sure  progress  of  the  blood  back  to  the 
heart  To  secure  this,  valves,  ^ade  of  folds  of  the  inner  lining 
of  the  veins  are  so  arraJiged  as  to  prevent  the  blood  from  flow- 
ing in  Qie  wrong  direction.  Fig.  23  represents  a  veiiAnit  open 
'  BO  as  to  show  these  valves.  A  shows  Uie  valves  sa  tbey  appear 
when  the  vein  is  laid  open  and  spread  out ;  B,  as  they  appear 


when  the  vi 


iply  laid 


tad  C  I 


ptanmoe  of  the  ontaide  of  the  vein  where 


presenta  the  a_ 
here  are  valvea. 
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The  need  which  there  is  of  thia  help  to  the  droulfttioii  throng^ 
the  Teina  is  obvioiw.  The  suction  power  of  the  heart  is  not 
competent,  unnided,  to  move  the  blood  throughout  all  the  lax 
veoous  aystem.  These  pocket-like  valves,  therefore,  are  made 
in  the  veins  to  assist  the  circulation  there.  Hief  do  so  in  this 
way.  Every  motion  of  the  muscles  or  other  parts  about  the 
Teins  tends  to  keep  the  blood  in  motion,  and  the  valves  serve  to 
prevent  this  motion  from  being  in  the  wrong  direction.  The 
difference  in  force  and  velocity  with  which  the  blood  moves  in 
the  aiterira  and  in  the  veins,  is  made  manifest  when  they  are 
wounded.  The' blood  flows  from  a  wounded  vein  in  a  slow 
and  steady  stream.  From  an  artery  it  flows  rapidly,  showing 
.  the  impulse  of  the  heart  in  its  jets,  which  correspond  exactly 
with  the  pulse.  Henoe  comes  the  danger  in  wounding  an  ar- 
tery, while  the  wound  of  a  vein  is  ordinarily  attended  with  no 
danger.  Accordingly,  wo  find  that  the  "Maker  of  our  bodies" 
has  so  placed  the  art«rieB  that  they  cannot  easily  be  wounded, 
while  many  of  the  veins  are  quite  freely  exposed-  The  ftlt«riea 
are  deeply  seated,  except  in  some  few  cases  where  this  is  im- 
possible ;  but  the  veins  are  often  superficially  Mtuated.  You 
can  see  this,  for  eiample,  in  the  bend  of  the  arm.  Some  large 
veins  appear  there  just  under  the  skin,  while  the  artery  which 
supplies  the  arm  is  imbt-dded  among  the  muscles  and  tendons. 
In  every  part  of  the  body,  the  most  secure  spot  is  chosen  for 
an  artery.  Thus,  at  the  knee  joint,  the  arterv,  instead  of  run- 
Ding  drer  the  sarboe  of  bona,  whwe  it  would  be  liable  to  b« 
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through  them.  It  ia  their  mode  of  division.  Hie  branch  of 
ap  aitenr  leaves  the  main  trunk  at  a  sharp  angle,  making  thna 
oaly  a  aliKht  deviation  from  the  direction  of  the  curr«it ;  while^ 
on  the  ouer  hand,  in  the  veins  nhere  the  carrent  flows  in  ao 
oppoeitd  diroction,  the  branch  unitCB  with  th«  trunk  at  nearly  • 
right  angle.  This  difference  is  represented  in  Fig.  22  ;  1  bung 
the  aitery,  and  2  the  vein. 


102.  The  venoua  system  has  a  much  greater  capacity  than  . 
the  arterial.     That  is,  all  the  veins  of  the  body  are  together  ca- 

Eable  of  holding  more  blood  Uian  all  the  arteries  are.  And  the 
lood  moves  very  rapidly  and  directly  from  the  heart  throu^ 
tlie  arteries,  but  it  cornea  back  to  the  neart  quite  slowly  through 
the  veins.  Every  thing  is  arranged  to  promote  this  rapid  dr- 
Gulatiou  through  the  aeries,  while  the  venous  system  is  caJca- 
latfid  fiM*  a  slow  but  sure  progreaa  of  the  blood  back  to  the 
heart  To  secure  this,  valves,  made  of  folds  of  the  inner  lining 
of  the  veins  are  so  arranged  as  to  prevent  the  blood  from  flow- 
ing in  f}ie  wrong  direction.  Fig.  23  represents  a  veii^cut  open 
'  so  as  to  show  these  valves.  A  shows  the  valves  as  they  appear 
when  the  vein  is  laid  open  and  spread  out ;  B,  as  they  appear 
when  the  vein  is  simply  laid  open ;  and  C  represents  the  ap- 
peoranoe  of  the  oabude  of  the  vein  where  there  are  valvea.- 
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Anonrlnn.  "Communication  betwooo  arteriet. 


And  it  18  well  that  it  is  so,  for  it  sometimes  helps  the  surgeon 
to  save  a  limb,  when  he  could  not  do  it  if  there  were  no  com- 
munication. I  have  already  alluded  to  a  disease  of  the  arteries 
called  aneurism.  An  artery  has  three  coats,  one  of  which  is  a 
strong  fibrous  one.  When  this  is  thinned  or  ruptured,  the 
other  two  coats  bulge  out,  forming  a.pul8ating  tumour.  And, 
as  the  blood  is  constantly  pumped  into  this  by  the  force  of  the 
heart,  it  enlarges,  and  at  length  it  may  burst,  and  the  life  of 
the  patient  will  bo  destroyed  by  the  loss  of  blood.  When  an 
aneurism  formed  in  a  limb,  as  K>r  example  in  the  ham,  the  sur- 
geon, in  former  times,  used  to  save  the  life  of  the  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  the  artery  above  the  aneurism  would  of  course  stop  the 
flow  of  blood  into  it ;  but  it  was  supposed  that  the  limb  would 
die,  in  that  case,  from  the  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
now,  in  such  cases,  cure  the  disease,  and  save  the  Hmb  too,  by 
tying  the  artery.  Immediately  afler  the  operation  the  limb  is 
cold,  and  there  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomes  free,  and  in  a  little  time  it  is 
as  well  established  as  ever.  This  is  effected  by  the  communi- 
cations which  exist  between  the  branches  which  go  off  from  the 
artery  above  the  aneurism,  and  those  which  go  off  below  it 
It  is  obvious,  however,  that  this  would  hot  bo  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  communicat- 
ing arteries.  But  this  change  does  occur.  Some  of  them  be- 
oome  enlarged  to  meet  the  necessity  of  the  case.  This  is  a 
most  interesting  fact ;  and  so  is  also  the  fact,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  the 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  sudden  motion,  is  peculi- 
arly apt  to  appear.  This  same  provision  avails,  of  course,  wl)en 
aneurism  is  cured-  by  pressure  made  upon  the  arter}'  above  it, 
a  measure  which  modem  surgery  has  found  in  many  cases  to 
be  as  effectual  as  tying  the  artery. 

/  106.  There  have  been  ^reat  differences  of  opinion  among 
physiologists,  in  regard  to  we  proportionate  amounts  of  agency 
that  the  different  parts  of  the  apparatus  have  in  carrying  on 
the  circulation.  The  heart  manifestly  exerts  the  chief  agency, 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  this 
way.  Fill  a  ball  of  India  rubber,  to  which  a  tube  is  attached, 
vitii  water,  and  immrrse  Uie  tube  in  water  in  a  Ye89el.    If  yon 
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Action  of  the  heart  iUoitrated.    Afjoney  of  the  eapillarlea  hi  the  eiranhtlea. 


press  the  sides  of  the  ball  together,  some  of  the  water  is  foixsed 
out  into  the  vesseL  This  represents  the  oontraetion  of  the 
heart  I^  now,  you  allow  the  ball  by  its  elasticity  to  resume 
iti  round  shape,  the  water  rushes  into  it  from  the  vessel,  llik 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  ite  elasticity ;  and  so  it  is  BUp]K)6ed  by  tome 
that  the  dilatation  of  the  heart  results  from  the  same  cause,  its 
contraction  alone  beings  produced  by  muscular  action.  Whether 
this  be  so  or  not,  the  dilatation  is  an  active  one,  and  the  blood 
ruKhcs  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  Uiat,  as  has  been  shown  by  experi- 
ments on  animals,  even  a  great  amount  of  pressure  is  not  able 
to  prevent  its  taking  place. 

107.  But,  great  as  the  agency  of  the  heart  is,  it  is  not  true 
that  it  is  the  only  moving  power,  and  that  the  arteries  and  veins 
are  mere  passive  conducting  tubes.  There  are  various  ])hcnomenm 
which  show  that  the  artcTies,  the  capillaries,  and  even  the  lax 
veins,  exert  a  considerable  ag«>ncy  in  circulating  the  blood.  I 
will  merely  allude  to  some  of  these  phenomena.  Determina- 
tions  of  blood  to  particular  })art5  show  that  the  blood-vessels 
have  an  active  agency  in  the  circuLition.  In  inflammation  of 
any  part,  there  is  an  increased  activity  of  the  particular  portion 
of  the  circulating  apparatus  supplying  that  part  In  the  act  of 
blushing,  there  is  a  local  activity  of  the  circulation  somewhat 
independent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  \^ich  the 
active  agency  of  the  capillaries  is  especially  manifest.  The 
veins,  as  1  have  told  you,  receiving  the  blood  from  all  parts  of 
the  body,  at  length  are  all  united  into  two  veins,  which  empty 
their  contents  into  the  heart.  But  there  is  a  very  remarkable 
exception  to  this.  Tlie  yeins  which  collect  the  blood  from  the 
viscera  in  the  abdomen  unite  in  one  largo  trunk,  called  Uie  vena 
port;e ;  an<l  this,  instead  of  pouring  its  contents  into  the  large 
vein  that  goes  up  to  the  heart,  divides,  like  an  artery,  into 
branches,  which  take  all  this  blood  to  the  liver  for  the  manufius- 
ture  of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
portac.  1,  1,  are  tne  veins  coming  irom  the  intestines ;  2  is  the> 
trunk  of  the  vena  }X)rLse  ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  l)e  pretended  that  the 
suction  power  of  the  heart  extends  its  influence  through  the  veins 
that  bring  the  blood  from  the  liver,  then  through  the  capillaries 
of  this  organ,  and  then  through  all  tlie  veins  that  brmg  the 


THE  OIBCCLATION. 


taaalfTM.    Wb^Iten 


OIRCUI^TIOH  or  VENOUS  BLOOD  IN  THE  UYEB. 


blood  to  the  livor,  even  to  the  capillaries,  of  the  ftbdominal  vis- 
cerft.  THfere  must  be,  in  this  case,  some  propelling  power  in 
the  c&pillaries,  and  some,  too,'  also  in  the  veins.  If  thera  were 
not,  another  eabordiaate  heart  would  obviously  bo  needed  in 
the  vena  Portie,  to  puinp  up  the  blood  from  all  the  veins  of  the 
Abdominal  viscera,  and  then  to  send  it  through  all  its  broachea 
ioto  the  capillaries  of  the  liver. 

109.  The  veins  have  a  less  active  agency  in  the  circulation 
than  any  of  the  other  parts  of  the  apparatus.  It  is  for  this, 
reason  that  commonly  after  death  the  veins  are  found  quita 
fbll  of  blood,  while  tbe  arteries  are  nearly  empty.  The  appa- 
ratua  of  the  circulation  may  be  regarded  as  forming  a  circle  c4 
organs  in  this  order — the  heart,  the  arteries,  the  capillaries,  ami 
the  veins.  The  Mood  is  constantly  going  the  roun(&  of  this 
circle.  It  is  plain  that,  as  the  apparatus  is  about  to  stop,  there 
must  be  an  accumulation  in  the  weakest,  least  active,  and  most 
relaxed  of  this  rirele  of  oi^ans.  Tbe  arteries  and  capillaries  force 
fli6UoodiDtotli»Tenu  tothslMtncanentof  life.    This  elSbc* 
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probably  extends  no  further  tban  the  sniiiller  veins ;  but  the  heaii^ 
by  its  active  dilatation,  draws  tlie  blood  from  them  into  the  larger 
veins.  And  tis  these  two  forces,  at  the  two  ends  of  the  veuoua 
system,  are  at  work  up  to  the  Liist  moment,  the  whole  of  this 
system  is  filled  with  blood. 

110.  The  fiact,  that  the  larger  ar*erie8  are  commonly  found 
nearly  empty  of  blood  after  death,  gave  the  ancienU  the  idea 
that  air  circulated  in  arteries,  while  blood  circulated  in  veins. 
Hence,  the  name,  arter}^  is  derived  from  two  Gnrnk  words,  sig- 
nifying to  hold  air.  And  hence,  also,  by  long  established  cus- 
tom, in  common  language,  the  blood  is  sj^okeu  of  as  running  in 
our  veins ;  and  it  would  sound  strangely,  if^  in  common,  and 
especially  in  ]>o<>tlcul  language,  we  should  speak  of  it  as  running 
in  our  arteries  also.  Although  there  were  from  tikne  to  time 
somo  glimpses  of  the  true  idea  of  the  circulation,  it  was  not 
really  developed  and  demonstrated  till  alx>ut  two  hundred 
and  thirty  years  ago.  Harvey  sj>ent  eight  years  in  maturing 
his  ideas  on  the  subject  When  he  published  them,  Uiey  en- 
countered much  opposition ;  but  he  lived  long  enough  to  see 
them  almost  universally  received  by  the  medical  world,  although 
the  profession  was  in  a  mucli  loss  enlightened  state  than  it  is  at 
the  present  day. 

111.  I  will  now  tiiko  3'ou  a  stip  farther  in  the  developmenl 
of  the  plan  of  the  circulation.  I  have  said  that  the  office  of 
the  arteries  is  to  conduct  the  blood  to  the  network  of  capil- 
laries, and  that  in  the  capillaries  the  blood  has  reached  its 
phice  of  destination  where  it  is  to  l>e  used.  The  fonnotive  ves- 
sels, appended  to  the  capillaries,  take  from  the  blood  what  they 
need  for  their  various  purposes,  and  at  the  same  time  there  is 
added  to  tlie  blood  rctfuse  matter  fioni  the  wastt^  of  the  tissues. 
The  blood,  then,  is  changed  while  it  is  in  the  caj>illaries.  You 
see  the  change  iu  its  color.  In  the  arteries  it  was  red ;  but, 
after  passing  through  the  capilhiries,  it  appears  in  the  veins  of 
a  purple  color.  It  is  also  as  much  changed  in  other  properties. 
It  is  no  longer  fitted  to  nourish  the  body.  It  would  even  ]>rov6 
a  poison  to  any  organ  if  it  should  fiow  into  its  capillaries.  If  it 
should,  fur  example,  be  sent  to  the  brain,  instead  of  bright  ar- 
terial blood,  that  organ  would  cease  to  do  its  ofiice ;  insensibility 
would  ensue,  and  life  would  souu  be  destroyed,  if  the  flow  of 
red  blood  could  not  l;e  established. 

112.  This  purple  blood,  which  comes  back  to  the  heart  from 
the  capillaries  by  the  veins,  must,  therefore,  be  in  some  way 
changed  to  red  blood,  before  it  is  again  sent  all  over  the  system 
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through  the  arteries.  This  change  is  effected  in  the  lungs.  As 
the  purple  blood  returns  to  the  heart,  it  is  sent  by  the  heart  to 
the  lungs,  in  order  to  be  exposed  to  the  air  before  it  is  sent 
again  over  the  system.  For  tliis  purpose  there  are  two  circula- 
tions, and  the  heart  is  a  double  or^an ;  or  rather,  there  are  in 
effect  two  hearts  for  the  two  circulations,  for  the  two  sides  of 
the  heart  have  no  communication  with  each  other.  The  appa- 
ratus for  all  this  is  very  comphcated,  but  I  think  it  can  be  made 
dear  to  you. 

113.  I  present,  first,  a  diagram,  which  is  intended  to  repre- 
sent merely  the  course  of  the  circulation,  without  regard  to 
proportionate  size,  or  to  minutiae  in  the  arrangement  of  the  ap- 
paratus. Let  a  represent  the  right  side  of  the  heart,  c  the  left 
side,  b  the  lungs,  and  d  the  general  system  of  the  body.  The 
arrows  show  the  direction  in  which  the  blood  flows.  In  all  the 
shaded  part  the  blood  is  venous  or  purple,  and  in  the  part  not 
shaded  it  is  arterial  or  red.  We  will  now  take  some  point  of 
beginning,  and  trace  on  the  Figure  the  course  of  the  circulation. 

FIG.  25. 
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We  will  start  at  a,  the  right  side  of  the  heart  The  blood  re- 
ceived here,  of  a  purple  color,  from  the  whole  body  by  the 
veins,  is  sent  by  the  heart  to  6,  the  lungs.  Here  it  changes  to 
red  blood,  and  passes  by  veins  back  to  the  heart — but,  observe, 
it  is  to  the  left  side  of  the  heart,  c.  It  is  now  sent  by  this  left 
half  of  the  heart  to  all  parts  of  the  system,  represented  by  d. 
Here,  in  the  capillaries,  it  is  changed  to  purple  blood,  and  goes 
back  by  veins  to  the  right  side  of  the  heart,  a,  the  place  where 
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probably  extends  no  further  tlan  tLo  Giwallor  veins ;  hut  Ibe  hetat, 
hj  its  active  dllatatiun,  draws  the  blood  from  Uicm  inU>  the  larger 
veins.  And  as  these  two  forces,  at  tlie  two  erxU  of  the  venous 
system,  are  at  work  up  to  Ihe  last  moment,  the  whole  of  this 
sptem  is  filled  with  blood. 

110.  The  fact,  tiiat  tie  larger  flr'eries  arc  commouly  foun^, 
neally  ein])ty  of  blood  after  deatli,  gave  the  niicieiits  l' 
that  air  circulated  in  arteries,  while  blood  circulated  i 
Hence,  Uio  name,  artery,  is  -derived  from  two  Ui^euk  words,  ai^ 
nifyiug  to  bold  air.  And  heuca,  also,  by  long  eatablishcd  cus- 
totOi  in  common  lanjniage,  Qia  blood  is  sjiokeu  of  as  runnii'ig  in 
our  mns;  and  it  would  sound  stmngely,  if^  in  common,  and 
especially  in  poetical  language,  we  should  speak  of  it  as  runoilif  1 
in  our  arteries  also.  Although  there  were  from  Ijrae  to  limq 
some  glimpses  of  the  true  idea  of  the  circulation,  it  wutiol. 
really  daveloped  and  demoiistraled  till  about  two  liundrbd  ■ 
■  and  thirty  yeots  ago.  Harvuy  spent  eight  years  in  maturing 
his  ideas  on  the  subject,  When  he  publlihed  tk^in,  tJiey  en- 
ctiuutered  ra_iich  opposition ;  but  he  lived  long  enough  to  sea 
them  almost  univenilly  rewiived  lyjhe  medical  world,  althou^. 
the  proiessvou  was  in  tl  mndi  less  «nligbt«ued  state  than  V  is  at  J 
the  present  day.       , '      " 

IIL  I  will  now  take  you  a  st-'p  farther  in  the  de\'elopn 
of  the  plan  of  the  circiilati<Hi.  1  have  said  that  tho-  office  of  j 
the  arteries  is  to  conduct  the  bluod  to  the  network  of  capHt 
lariea,  and  that  in  the  capillarii-«  -  the  blood  has  Tenched  i' 
placa  of  destination  wh«re  it  is  to  !«  used'  The  fonualive  v 
sets,  appended  to- the  capillaries,  take  from  the  blood  what  tl 
tieed  for  their  various  purposes,  and  at  the  same  tirae.^iero  ^ 
added  to  the  blood  rtfuse  matter  trow  the  waste  of  the  lissu^ 
The  blood,  then,  is  ch^iged  while  it  is  in  the  capillaries.  ^  Ifajj 
see  tho  cliangu  iq  its  cqlor.  lu  the  arteries  it  was  red ;  bii% 
after  passiuu;  through  the  csipilUries,  it  appears  i 
a  purple  oilor.  It  is  jdso  as  much  changed  in  other  propertiw  J 
It  is  no  longer  £tlcd  to  nourish  the  body.  It  n'Ould  even  proU 
■  poison  to  any  orgsn  if  it  should  flow  into  its  capiUnries.  If  i| 
should,  for  example,  be  »ent  lo  the  brain,  iustead  of  bright  ^ 
terial  bkKxl,  that  organ  would  cease  to  do  its  oiiice  ;  insenaitaln 
would  ensue,  and  life  would  souii  be  destroyed,  if  the  flow  <■ 
red  blood  could  not  be  established. 

112.  This  purple  blood,  which  comes  back  t«  the  heart  & 
the  capillaries  by  the  v<jns,  must,  thert^fore,  be 
nhan^lied  to  rod  blood,  before  it  is  agmn  sent  all  over  the  sjatem  " 
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through  the  arteries.  This  change  is  effected  in  the  lungs.  Aa 
the  purple  blood  returns  to  the  heart,  it  is  sent  by  the  heart  to 
the  lungs,  in  order  to  be  exposed  to  the  air  before  it  is  sent 
again  over  the  system.  For  this  purpose  there  are  two  circula- 
tions, and  the  heart  is  a  double  organ ;  or  rather,  there  are  in 
effect  two  hearts  for  the  two  circulations,  for  the  two  sides  of 
the  heart  have  no  communication  with  each  other.  The  appa- 
ratus for  all  this  is  very  comphcated,  but  I  think  it  can  be  made 
elear  to  you. 

113.  I  present,  first,  a  diagram,  which  is  intended  to  repre- 
sent merely  the  course  of  the  circulation,  without  regard  to 
proportionate  size,  or  to  minutiae  in  the  arrangement  of  the  ap- 
paratus. Let  a  represent  the  right  side  of  tho  heart,  c  the  left 
side,  b  the  lungs,  and  d  the  general  system  of  the  body.  The 
arrows  show  the  direction  in  which  the  blood  flows.  In  all  the 
shaded  part  the  blood  is  venous  or  purple,  and  in  the  part  not 
shaded  it  is  arterial  or  red.  We  will  now  take  some  point  of 
beginning,  and  trace  on  the  Figure  the  course  of  the  circulation. 
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DIAGRAM  SHOWINQ  THE  COURSE  OF  THE  CIRCULATIOir. 

We  will  start  at  a,  the  right  side  of  the  heart  The  blood  re- 
ceived here,  of  a  purple  color,  from  the  whole  body  by  the 
veins,  is  sent  by  the  heart  to  5,  the  lungs.  Here  it  changes  to 
red  blood,  and  passes  by  veins  back  to  tlae  heart — but,  observe, 
it  is  to  the  left  side  of  the  heart,  c.  It  is  now  sent  by  this  left 
half  of  the  heart  to  all  parts  of  the  system,  represented  by  d. 
Here,  in  the  capillaries,  it  is  changed  to  purple  blood,  and  ffoea 
back  by  veins  to  the  right  side  of  the  heart,  a,  the  place  wnere 
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of  the  chyme  from  that  vhioh  is  not  so.  When  thus  Mpant- 
ed,  it  is  duorbed  by  the  innumerable  email  veaseU,  called  Ibo- 
teala,  which  are  situated  in  the  mucoiu  membrane.  This  nutri- 
tions part  of  the  chyme  is  a  milky  fluid,  called  the  ehyU.  Hie 
laoteaU  which  absorb  it  are  little  tubes  or  ducts.  Tliese  enter 
certain  glands,  called  the  mceent«ric  glands,  for  the  purpose  of 
laving  some  eSotA,  we  know  not  what,  produced  upon  it.  They 
then  pass  od,  at  seen  in  Fig.  17,  to  pour  their  contents  into  the 
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tliondo  dncL  This  duct,  which  is  about  the  size  of  a  commoQ 
qiiiU,  mnning  up  on  the  left  side  of  the  aorta,  the  great  artery 
of  the  heart,  poius  its  cont«nts  into  the  junction  of  two  veins 
■t  tbe  top  of  the  chest.    As  the  «in»Iatkm  ol  the  tliyle  in  the 
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ftoraoic  duot  needs  all  tiie  mechsnical  help  that  it  oaa  h&ve,  tha 
mode  of  iSie  joining  of  this  duct  with  these  veins  is  calculated 
to  hcilitate  tiie  freeaess  of  the  discharge  of  tha  chyle.  A« 
the  two  large  cnrrenta  in  the  veins,  t  and  ▼,  v,  in  fig.  18, 


nnite,  there  ia  creat«d,  by  the  forward  niotioo  of  these  cnr- 
rents,  a  tendency  to  a  vacuum  at  the  angle  at  which  they 
meet,  the  point  where  the  thoracic  duct,  t,  d,  opens.  There 
is,  therefore,  a  euction  power,  as  it  is  termed,  exerted  upon 
the  fluid  in  this  duct  The  chyle,  thus  mingled  with  the 
blood,  becomes  a  part  of  iL  Or  rather,  I  should  say,  that  the 
blood  is  made  from  the  chyle,  and,  as  it  b  constantlj  used  for 
formation  and  repair  in  all  parts  of  the  syst^n,  it  is  thus  as 
constantly  replenished.  The  material  by  which  all  the  t^iturea 
<^  the  body  are  made  and  are  kept  in  repair,  is  furnished  to 
the  system  through  this  small  duet,  in  the  form  of  a  milky 
fluid.  Ton  obser\-e  in  Pig.  IT,  certain  l^phatic  vessels.  These 
are  trunks  of  absorbents,  nereafter  to  be  spoken  of  partacolarly,' 
which  bring  a  flmd  colled  lymph,  to  be  mingled  with  the  ohylef 
and  to  be  poured  with  it  into  the  orculation. 

92.  The  extent  of  sur&ce  on  which  the  absorbent  lacte^ 
open  can  not  be  appreciated,  if  yon  look  merely  at  the  outside 
of  the  sm^l  intestines.  It  can  be  done  only  by  looking  at  the 
inner  mucous  coat  This  coat  is  really  much  more  extensive 
than  the  outer  coat,  or  the  middle  one,  the  muscular,  and  it  ia 
foil  (rf  Mda,  ai  represented  in  Fig.  14,  on  page  £2.    The  ob-' 
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ject  of  this  is  to  offer  a  very  larpje  absorbing  surface  to  the 
ehyme  as  it  passes,  and  also  to  prevent  its -passing  along  as 
rapidly  as  it  would  if  the  raucous  surface  were  pcrfecfly  smooth, 
instead  of  having  folds.  Before  leanng  this  subject,  I  would 
again  call  your  attention  to  the  analogy  which  exists  between 
absorption  in  animals  and  in  plants.  The  lacteals  do  for  the 
animal  in  its  stomach,  what  the  ab!»orbents  do  for  the  plant  in 
the  extremities  of  its  roots.  Both  absorb  and  assimilate  nutri- 
ment. The  function  is  the  same.  It  differs  in  the  two  cases 
only  in  the  circumstauces  under  which  it  is  performed. 

93.  The  digestive  appanitus  varies  much  in  different  animals, 
according  to  the  kinds  of  food  on  which  they  live.  As  a  gene- 
ral rule,  the  more  the  food  differs  in  character  from  the  animal 
itself,  the  more  complicated  and  extensive  is  the  apparatus. 
Thus,  the  herbivorous  animals  have  a  very  long  alimentary 
canal,  and  the  beginning  of  it,  the  stomach,  is  a  complicated 
organ.  While,  on  the  other  hand,  in  the  carnivorous,  the  flesh 
which  they  eat  being  very  much  like  their  own  flesh,  and,  there- 
fore, not  requiring  very  much  of  a  process  of  assimilation,  the 
stomach  is  a  simple  organ,  and  the  alimentary  canal  is  very 
short.  In  the  sheep,  for  example,  the  alimentary  canal  is  about 
twenty-eight  times  the  length  of  the  body,  but  in  the  lion  it  is 
only  three  times  its  lengUi.  In  man,  who  lives  on  a  mixed 
diet,  the  alimentary  canal  is  about  six  times  tlie  length  of  the 
body. 

04.  The  stomach  is  more  compliciited  in  animals  that  chew 
the  cud  than  in  any  other  animals.  It  has  four  distinct  cavities, 
and,  as  you  will  see,  a  singular  mechanism  is  called  into  opera- 
tion in  managing  the  food  as  it  passes  through  them.  In  Fig. 
19,  you  have  a  representation  of  the  stomachs  of  the  sheep,  as 
they  appear  exteriorly.  The  course  which  the  food  pursues  is 
this.  As  the  animal  crops  the  food,  it  passes  into  tlie  first  sto- 
mach, which  is  little  else  than  a  great  reservoir  to  hold  it  and 
to  soak  it  Then  it  passes  into  the  second  stomach,  ^m  which 
it  is  returned  into  the  mouth.  On  being  swallowed  again,  it 
passes  from  the  oesophagus  into  the  third,  and  thence  into  the 
fourth  stomach.  In  Fig.  20,  you  see  the  interior  of  these  four 
stomachs ;  and  by  the  aid  of  this  I  will  describe  the  process  of 
digestion  in  the  sheep  more  particularly.  You  see  the  very 
large  first  stomach,  or  paunch,  in  which  the  food  \^  accumu- 
lated. It  is  not  yet  masticated  thoroughly,  for  the  animal  has 
BwaUowed  it  as  fiist  as  he  could,  and  packed  it  away  in  this 
m.    From  this  it  is  passed,  in  small  quantities  at  a  time, 
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into  the  seoond  atomaeh,  the  homy-eomh,  »o  cnlled  from  _fl 
pecuUtir  network  of  folds  in  it.  Here  the  foot!  in  rolled  up  ip 
mUb  br  the  action  of  the  miuculnr  fibrm  ii>  this  netmw 
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Each  ball  of  food  is  passed  up  through  the  oesophagus  into  the 
mouth,  where  it  is  chewed  and  thoroughly  mixed  with  the  saliva, 
iQ  doing  which  the  auimal  seems  to  have  grcAt  enjoyment. 
Then  it  is  swallowed,  and,  as  it  passes  from  the  oesophagus,  in- 
stead of  going  into  the  paunch,  us  it  did  when  swallowed  the 
fii^t  time,  it  is  directed  through  the  groove  seen  in  the  Fi^re 
into  the  third  stomach,  the  manyplua.  This  has  many  felds, 
like  the  leaves'  of  a  book,  so  that  the  food  is  exposed  to  a  large 
surface  in  this  cavity.  It  passes  from  this  to  the  fourth  sto- 
mach, the  reed.  Here,  and  here  only,  it  is  acted  upon  by  the 
gastric  juice.  This,  therefore,  is  the  true  stomach,  all  the  other 
cavities  furnishing  only  preparatoiy  steps  to  the  true  process  of 
digestion.  It  is  from  tliis  fourth  stomach  that  what  is  called 
the  rennet  is  taken.  When  fluid  matter  is  swallowed,  it  goes 
directly  into  the  second  stomach,  and  not  into  the  first,  the 
paunch ;  so  that,  in  the  case  oC  the  sheep,  the  drink  goes  one 
way,  and  the  solid  food  another.  And,  what  is  still  more  singu- 
lar, while  the  animal  is  a  suckling,  the  milk  passes  directly  into 
the  fourth  stomach  tlirough  the  third,  which  has  its  folds  so 
closed  together  as  to  form  a  mere  tube  to  conduct  it  to  its  des- 
tination. And  the  great  paunch  and  the  honey-comb  are 
wholly  useless  until  the  animal  begins  to  crop  its  food  for 
itselfl 

95.  In  birds,  the  digestive  apparatus  is  necessarily  very 
peculiar,  from  the  fact  that  they  do  not  masticate  their  food. 
They  have,  on  this  account,  an  arrangement  in  the  stomach 
itself  for  grinding  the  food.  In  the  cavity  called  the  gizzard 
are  two  opposing  surfaces^  made  very  hard,  so  that  by  rub- 
bing together  they  bruise  the  grains ;  and  while  they  are 
thus  ground,  as  between  two  millstones,  the  gastric  juice 
is  poured  down  upon  them  from  abo^'e.  This  arrangement  is 
seen  in  Fig.  21,  which  represents  the  digestive  apparatus  in  the 
turkey  laid  open.  At  5  is  the  gizzard,  showing  the  two  hard 
surfaces,  which  are  rubbed  together  by  the  stout  muscles  Uiat 
make  the  great  bulk  of  the  organ.  Above,  at  a,  are  the 
glands  which  pour  forth  the  gastric  juice.  And  above  this 
part  of  the  stomach  there  is,  in  all  grain-eating  birds,  a  large 
sac  bulging  out  from  the  oesophagus,  called  the  crop,  which  is 
a  reservoir  for  the  food,  just  as  the  paunch  is  in  the  ruminating 
animals.  In  those  birds  that  live  on  flesh  or  fish  there  ii  no 
such  grinding  apparatus;  and  the  walls  of  the  stomach  are 
quite  thin,  and  it  presents  no  hard  surfaces. 

96.  It  would  be  interesting,  were  it  consistent  with  the  plu: 
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of  ih\s  book,  to  go  ioto  It  further  cxanitnHlioii  of  the  varietiM 
ill  die  digestive  apparatus  in  dilTerent  aniinnls.  They  have  a 
very  wide  f^pge,  being  according  to  the  waiita  of  tha  Bnimal  in 
UAcli  cf»e.  The  kind  of  food,  the  moile  of  life,  and  the  pur- 
pose which  the  snimnl  ia  designed  to  fulfill,  are  the  circumMflnces 
which  govern  thi^e  variations.  The  proportion  which  the  di- 
gestive apparatus  bears  to  other  partit  varies  very  much ;  And 
in  some  of  the  lower  orders  of  aniia.ilit,  ihe  body  seems  '"  "^ 
all  stomach.  In  !<uch  cases,  the  ouly  npi^iidagBs  are  Uiose 
Miza  the  food  and  direct  it  into  th«  oritica  of  this  orgui. 


'hieh  I 
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18  the  case  with  the  hydra,  represented  in  Fig.  1.  And,  what 
is  very  singular,  the  outside  of  the  hody  of  this  animal  is  just 
as  capable  of  acting  as  a  stomach  as  its  inside.  For  you  may 
turn  it  inside  out,  as  you  can  a  stocking,  and  yet  it  will  go  on 
to  catch  and  digest  its  food  as  usual.  But,  Wide  as  the  varia- 
tions arc  in  the  digestive  apparatus  of  animals,  the  same  com* 
mon  objoct  is  aimed  at  in  all — the  assimilation  (§  10)  of  nu- 
trient Rubst^nces  to  the  animal,  to  produce  a  material  from 
which  its  structure  can  be  built  and  kept  in  repair.  There  is, 
therefore,  much  that  is  common  to  them  all  in  the  modes  in 
which  this  object  is  accomplished.  And  even  the  analogy 
which  exists  between  the  animal  and  plant,  in  regard  to  assimi- 
lation, does  not  relate  to  the  fact  alone,  but  in  some  measure  to 
the  modes  in  which  th'e  process  is  effected. 


-4^^ 


CHAPTER  VI. 

CIECULATIOK  OP  THE  BLOOD. 

07.  In  the  last  chapter  I  described  the  manner  in  which  the 
blood  is  made  from  the  food.  The  blood,  thus  prepared,  is 
circulated  in  every  part  of  the  body,  that  it  may  be  used  for 
the  purposes  of  construction  and  repair.  The  apparatus  by 
which  this  is  done  acts,  as  I  have  before  said,  as  the  common 
carrier  of  the  material  which  is  used  everywhere  in  the  body 
by  the  laborers,  the  builders,  to  whom  it  is  thus  brought. 

98.  This  apparatus  consists  of  s<n*eral  parts — a  great  central 
organ,  the  heart,  situated  in  the  chest;  the  arteries,  the  tubes 
by  which  the  blood  is  conducted  to  all  parts  of  the  body ;  the 
veins,  other  tubes,  which  bring  the  blood  back  to  the  heart; 
and  capillaries,  a  network  of  exceedingly  minute  vessels,  through 
which  the  blood  passes  as  it  goes  from  the  extreme  arteries  into 
the  beginnings  of  the  veins.  The  blood  goes  from  the  heart 
through  a  large  artery,  called  the  aorta,  which  sends  forth 
branches ;  and  these  divide  and  subdivide,  so  that  the  extreme 
arteries,  through  which  the  blood  flows  into  the  capillary  net- 
work, are  very  minute.  And  the  veins  which  receive  the  blood 
from  this  network  to  carry  it  back  to  the  heart,  are  equally 
minute ;  but  joining  togetlicr  more  and  more,  as  they  proceed 
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.toward  the  heart,  they  are  at  length  all  united  into  two  great 
venous  trui>k«,  one  from  above  and  the  other  from  below,  which 
pour  their  contents  into  this  organ.  The  capillaries,  taking 
their  name  from  the  Latin  word,  capilla,  a  hair,  are  so  small 
that  they  can  not  be  seen  by  the  naked  eye.  In  any  small 
cut,  the  blood  which  oozes  out  comes  from  multitudes  of  these 
vessels.  They  serve  to  hold  the  blood,  while  the  formative,  ves- 
sels, that  construct  and  repair  tlio  body,  may  select  from  it  such 
materials  as  they  need  for  their  puiposes. 

90.  The  heart  is  a  great  central  forcing  and  suction  pump,  in 
the  midst  of  this  circulating  apparatus.  When  it  contracts,  it 
forces  the  blood  out  through  the  aorta  and  its  branching  ar- 
teries into  all  parts  of  the  system.  And  when  it  enlarges  or 
dilates  itself,  it,  by  suction,  as  it  is  termed,  receives  the  blood 
returning  from  the  system  through  the  veins.  The  blood  never 
ceases  to  go  these  rounds.  The  necessity  for  this  continual 
motion  you  will  perceive  as  I  proceed  with  the  development  of 
the  subject. 

100.  The  arteries  differ  from  the  veins  in  their  structure  and 
arrangement.  The  arteries  are  firm  tubes,  while  the  veins  are 
lax  in  their  structure.  The  object  of  the  difference  is  obvious. 
As  the  blood  is  forced  into  the  arteries  by  the  powerful  action 
of  the  heart,  it  is  necessary  that  they  should  be  strong  and 
firm,  else,  they  would  bo  liable  to  dilatation  and  rupture,  and 
death  would  frequently  result.  As  it  is,  it  is  not  a  common 
event  to  have  an  artery  dilate  and  burst,  though  it  does  occa- 
sionally happen.  When  dilatation  does  occur  in  an  artery,  it 
is  called  an  anevrism.  But  the  arteries  need  to  be  firm,  not 
only  for  the  sake  of  security  against  rupture,  but  also  that  the 
force  of  the  heart  may  propel  the  blood  to  the  extremities  of 
the  arterial  system.  If  the  arteries  were  lax  tubes,  like  the 
veins,  the  impulse  would  soon  be  lost  in  the  yielding  tubes,  and 
the  blood  would  move  very  sluggishly  in  the  small  arteries  at  a 
distance  from  the  heart  What  we  call  the  pulse,  is  caused  by 
this  impulse.  If  the  arteries  were  lax  tubes,  the  pulse  would 
not  be  felt  at  any  great  distance^  from  the  heart.  Instead  of 
being  distinct,  as  it  now  is,- with  every  beat  of  the  heart  almost 
to  the  very  extremities  of  the  arterial  system,  it  would  be  ren- 
dered coffibsed  by  the  yielding  of  the  tubes,  even  quite  near 
the  heart,  %nd  at  a  distance  from  that  organ  it  would  be  en- 
tirely lost 

101.  Besides  the  firmness  of  the  arteries,  there  is  another 
circumstance  which  favors  the  freeness  of  the  flow  of  blood- 
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trough  them.  It  is  their  moda  of  division,  llie  branch  of 
aa  arteiT  leaves  (he  maiii  trunk  Kt  a  sharp  angle,  making  Uma 
odIj  a  uiebt  deviation  from  the  direction  <^  the  current ;  white, 
on  the  otLer  hand,  in  the  veins  nheie  the  current  fiowa  in  an 
oppoaita  direction,  the  branch  unites  with  the  trunk  at  nearij  a 
right  angle.  This  difference  is  lepresented  in  Fig.  22 ;  1  bung 
the  arlerj,  and  2  the  vein. 


102.  The  venouB  syet«m  has  &  much  greater  capacity  tiiao  . 
the  arterial,     lliat  is,  all  the  veins  of  the  body  are  together  ca- 

Eable  of  holding  more  blood  than  all  the  arteries  are.  And  the 
lood  moves  verv  rapidly  and  directly  from  the  heart  through 
the  arteries,  but  it  comes  back  to  the  heart  quite  slowly  tlirougfa 
the  veins.  Every  thing  is  arranged  to  promote  this  rapid  cir- 
culation through  the  arteries,  while  the  venous  system  is  calcu- 
lated for  a  slow  but  sure  progreae  of  the  blood  back  to  the 
heart.  To  secure  this,  valves,  made  of  folds  of  the  inner  lining 
of  the  veins  are  so  arranged  as  to  prevent  the  blood  from  flow- 
ing in  Che  wrong  direction.  Fig.  23  represents  a  vcii^cnt  open 
so  as  to  show  these  valves.  A  shows  tlie  valves  as  they  appear 
when  the  vein  is  laid  open  and  spread  out ;  1),  as  they  appear 
when  the  vein  is  simply  laid  open ;  and  C  represents  the  ap- 
pearaooe  of  th«  oatside  of  the  vein  where  theie  ara  ral?ei. 
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Hie  need  which  tliere  u  of  thu  help  to  the  dreulation  throogh 
the  veins  is  obvious.  The  suction  power  of  the  heart  is  not 
competent,  nnnided,  to  move  the  blcKxl  thronghout  all  the  lax 
venoos  system.  These  pocket-lihe  valves,  therefore,  ore  made 
in  the  veins  to  assist  the  circulation  there.  They  do  so  in  this 
way.  Every  moUon  of  the  muscles  or  other  parts  about  the 
veins  t«ndi  to  keep  the  blood  in  motion,  and  the  valves  serve  to 
prevent  this  motion  from  being  in  the  wrong  direction.  The 
difference  in  force  and  velocity  with  which  the  blood  moves  in 
the  arteries  and  in  the  veins,  is  made  manifest  when  they  are 
wounded.  The- blood  flows  from  a  trounded  vein  in  a  slow 
and  steady  stream.  From  an  arteiy  it  flows  rapidly,  showing 
the  impulse  of  the  heart  in  its  iets,  which  correspond  exactlj 
with  the  pulse.  Hence  oomee  the  danger  in  wounding  an  ar- 
tery, while  the  wound  of  a  vein  is  ordinarily  attended  with  no 
danger.  Accordingly,  we  And  that  the  "Maker  of  our  bodies" 
has  BO  placed  the  arteries  that  tliey  cannot  easily  be  wounded, 
while  many  of  the  veins  are  quite  freely  eiposed.  The  sVteries 
are  deeply  seated,  except  in  some  few  cases  where  this  is  im- 
possible; but  the  veins  are  often  superflcially  situated.  You 
oan  see  this,  for  example,  in  the  bend  of  the  arm.  Some  large 
veins  appear  there  just  under  the  skin,  while  the  artery  which 
supplies  the  arm  is  imbedded  among  the  muscles  and  tendons. 
Id  every  part  of  the  body,  the  most  secure  spot  is  chosen  tea 
•n  artery.  Thus,  at  the  knee  joint,  the  arterv,  instead  of  mn- 
mg  anr  the  aurfooe  of  bOM,  wWe  it  voald  ba  liabls  to  ba 
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wounded,  lies  deep  in  the  bam  at  the  rear  of  the  joint  The 
same  is  true  of  the  elbow  joint,  just  alluded  to,  and  of  other 
parts  of  the  body.  Although  there  are  arteries  everywhere^ 
they  are  so  uniformly  deeply  seated,  that  it  is  only  in  a  few  lo- 
calities that  you  can  readily  find  one.  You  can  feel  one  pul- 
sating at  the  wrist,  and  also  on  the  temple.  Here  the  arteries 
are  superficial,  only  because  it  is  impossible  that  it  should  be 
otherwise. 

103.  When  the  physician  bleeds  a  patient,  he  commonly 
does  it  at  the  bend  of  the  arm,  as  being  the  most  convenient 
place  for  the  operation.  A  ligature  of  some  sort,  as  a  ribbon,  is 
tied  around  the  arm  above  the  elbow,  with  sufficient  tightness 
to  interrupt  the  flow  of  blood  toward  the  heart  in  the  super- 
ficial veins,  but  not  so  tightly  as  to  prevent  the  free  supply  of 
blood  to  the  arm  by  the  artery.  It  is  commonly  tied  as  tightly 
as  it  can  be  without  stopping  the  pulse  at  the  wrist  An  open- 
ing is  then  made  in  one  of  the  veins ;  and,  as  the  blood  flows 
f^ely  into  the  arm  from  the  heart  through  the  artery,  on  its 
return,  so  mucli  of  it  as  passes  through  tlie  opened  vein  is  dis- 
charged at  that  point 

104.  It  will  be  proper  here  to  ^ve  some  practical  instruc- 
tion, in  regard  to  8top})ing  the  flow  of  blood  from  a  wounded 
artery,  as  many  lives  have  been  lost  from  the  ignorance  of  by- 
standers when  such  accidents  have  happened.  Enveloping  the 
part  in  cloths,  which  is  so  commonly  done  at  such  times,  does 
no  good,  but  only  serves  to  catch  and  conceal  the  blood  as  it 
flows.  Pressure  upon  the  artery,  on  that  side  of  the  wound 
which  is  toward  the  hearty  will  of  course  interrupt  the  supply  of 
blood  from  this  organ  to  the  wound.  Firm  pressure  with  the 
thumb  will  do  it.  But  the  pressure  must  be  made  at  the  right 
point,  that  is,  directly  upon  the  artery.  You  may  not,  in  all 
cases,  press  upon  the  right  spot  at  once.  If  you  do  not,  the 
blood  will  continue  to  flow.  In  this  case,  press  at  difierent 
points,  until  you  find  the  point  at  which  you  see  that  pressure 
stops  the  flow  of  blood  from  the  wound.  But  you  may  not  be 
able  to  find  the  right  spot  If  you  can  not,  you  can  ^ie  a  slip 
of  strong  doth  or  a  handkerchief  around  the  limb,  above  the 
wound,  and  twist  a  stick  in  it  until  the  bleeding  stops.  In  one 
or  the  other  of  these  ways,  you  can  prevent  tiie  loss  of  blood 
until  the  surgeon  arrives  to  take  charge  of  the  case. 

105.  Although  there  is  no  such  free  communication  between 
arteries  as  exists  between  the  capillaries,  there  is  some  amount 
of  conununication,  and  particularly  in  certain  parts  of  the  body. 
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And  it  is  w«]I  that  it  is  bo,  for  it  sometimes  helps  tiie  surgeon 
to  nave  a  limb,  when  be  could  not  do  it  if  tliere  nere  no  com- 
munScntion,  I  have  already  alluded  to  a  disease  of  the  arteries 
called  aneurism.  Ad  arteiy  baa  three  coats,  one  of  which  n  a 
strong  fibrous  one.  When  this  is  thinned  or  ruptured,  tbo 
other  two  coats  bulge  out,  forming  a. pulsating  turaour.  And, 
as  the  blood  is  constantly  pumped  into  this  by  the  forc«  of  the 
heart,  it  enlarges,  and  at  length  it  may  buret,  and  the  life  of 
tho  patient  will  be  diaU^jyed  by  tlie  loss  of  blood.  When  an 
aneurism  formed  in  a  limb,  as  fur  example  in  the  hum,  the  sur- 
geon, in  former  times,  used  to  save  tho  life  of  tlie  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  thp  artery  above  the  aneurism  would  of  course  stop  the 
flow  of  blood  into  it;  but  it  was  sup])oaed  that  the  limb  would 
die,  in  that  case,  from  the  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
DOW,  in  such  cases,  cure  the  disease,  and  save  the  limb  too,  by 
tying  the  arterj-.  Immediately  after  the  operation  the  limb  is 
cold,  and  there  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomcH  free,  and  iu  a  little  time  it  is 
as  well  establishod  as  ever.  This  is  effected  by  the  eommunj- 
cations  which  exist  betvoon  the  brnncUes  wbicli  go  aS  from  the 
artery  above  the  aneurism,  and  those  which  go  off  below  it. 
It  is  obvious,  however,  that  this  would  not  bo  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  coromuuicat- 
ing  arteries.  But  this  change  does  occur.  Some  of  them  be- 
come enlarged  to  meet  the  necessity  of  the  case.  7'his  is  a 
most  interesting  fact;  and  so  is  also  the  fact,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  the 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  suilden  motion,  is  ptfculi- 
arly  apt  to  appear.  This  same  provision  avails  of  course,  when 
aneurism  is  cured- by  pressntd  made  upon  the  artery  above  it, 
»  measure  which  modem  surgery  has  found  in  many  cases  to 
be  as  effectual  as  tying  the  artery. 

''  106.  There  have  been  great  dificrences  of  opiinon  nmoog 
physiologists,  in  regard  to  de  proportionate  amounts  of  agency 
that  the  different  parts  of  tbo  apparatus  have  in  carrying  on 
the  circulation.  The  heart  manifestly  exerts  the  chief  ^ency, 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  this 
way.  Pill  a  ball  of  India  rubber,  to  which  a  tube  ia  attadiod, 
wiUi  wM«r,  and  immrrse  the  tube  in  vat«r  in  a  yaavel.    If  yon 
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press  the  sides  of  the  ball  together,  some  of  the  water  is  fbraed 
out  into  the  vessel.  This  represents  the  contraction  of  tha 
heart  I^  now,  you  allow  the  ball  by  its  elasticity  to  resume 
its  round  shape,  the  water  rushes  into  it  from  the  vessel.  Thk 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  its  elasticity ;  and  so  it  is  sup])Osed  by  some 
that  tlie  dilatation  of  the  heart  results  from  the  same  cause,  its 
contraction  alone  being  produced  by  muscular  action.  Whether 
this  be  so  or  not,  the  dilatation  is  an  active  one,  and  the  blood 
rushes  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  that,  as  has  been  shown  by  experi- 
ments on  animals,  even  a  great  amount  of  pressure  is  not  aUe 
to  prevent  its  tiking  pLice. 

107.  But,  great  as  the  agency  of  the  heart  is,  it  is  not  true 
that  it  is  the  only  moving  power,  and  that  the  arteries  and  veins 
are  mere  passive  conducting  tubes.  There  are  various  phenomena 
which  show  that  the  arteries,  the  capillaries,  and  even  the  lax 
veins,  exert  a  considerable  agtmcy  in  circulating  the  blood.  I 
will  merely  allude  to  some  of  these  phcnomona.  Determina- 
tions of  blood  to  particular  )>arts  show  that  the  blood-vessels 
have  an  iictive  agency  in  the  circulation.  In  inflammation  of 
any  part,  there  is  an  increased  activity  of  the  ])articukir  portion 
of  the  circulating  apparatus  supplying  that  ]\'irt.  In  the  act  of 
blushing,  there  is  a  local  activity  of  the  circulation  somewhat 
indc^Kindent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  v^iich  the 
active  agency  of  the  capillaries  is  especially  manifest  The 
veins,  as  I  have  told  you,  receiving  the  blood  from  all  parts  of 
the  body,  at  length  are  all  united  into  two  veins,  which  empty 
their  contents  into  the  heart.  But  there  is  a  very  remarkable 
exception  to  this.  The  yeins  which  collect  the  blood  from  the 
viscera  in  the  alxlonien  unite  in  one  large  trunk,  called  the  vena 
portx ;  and  this,  instead  of  pouring  it»  contents  into  the  large 
vein  that  goes  u])  to  the  heart,  divides,  like  an  artery,  into 
bntnches,  wliicli  take  all  this  blood  to  the  liver  for  the  manufac- 
ture of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
porta;.  1,  1,  are  the  veins  coming  from  the  intestines ;  2  is  the. 
trunk  of  tlie  vena  porUe  ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  l>e  pretended  that  the 
suction  power  of  the  heart  extends  its  influence  through  the  veins 
that  bring  the  blood  from  the  liver,  then  tlirough  the  capillaries 
of  this  organ,  and  then  through  all  the  veins  that  bnng  the 
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blood  to  the  liver,  e»en  to  the.  eapillariefl.of  the  abdominal  tis- 
cerA.  TUbre  must  be,  ia  this  case,  some  propelling  power  in 
the  capillariee,  and  some,  too,-  al«o  in  the  veins..  If  there  were 
not,  another  subordinate  heart  would  obviouBly  be  needed  in 
the  vena  porte,  to  pump  up  the  blood  from  all  the  Veins  of  the 
abdominis  viscera,  and  then  to  send  it  through  nil  its  branches 
into  the  capillaries  of  the  liver. 

lOe.  The  veins  have  a  less  active  agency  in  the  circulation 
than  any  c^  the  other  parts  of  the  apparatus.  It  )s  for  this 
reason  uiat  commonly  after  death  the  veins  are  fbnnd  quite 
fhll  of  blood,  while  the  arteries  are  nearly  empty.  The  appa- 
ratus of  the  circulation  may  be  regarded  as  forming  a  circle  of 
organs  in  thb  order — the  heart,  the  arteries,  the  capillaries;  anu 
the  veins.  TTie  Hood  is  constantly  going  the  rounife  of  this 
drele.  It  is  plain  that,  as  the  apparatus  is  about  to  stop,  tiere 
moat  be  an  accumulation  in  the  weakest,  least  active,  and  most  - 
relaxed  of  this  circle  of  organs.  The  arteries  and  c<^illariee  fortB 
Teins  to  the  last  jncunent  of  life,    lids  fld^ 
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into  every  part  of  llie  body.     There  aro  lungs,  so 
everywhere  in  the  in8e<Jt. 

147.  The  apparatus  of  respiration  ia  lai^cly  developed  M  J 
birds  for  two  oljjeots — to  provide  for  the  extensive  change  ]fi  4 
the  blood  which  ie  re<iiiire(i  by  their  great  activity,  and  to  gvf9  i 
lightness  to  the  body.  To  secure  these  objects  there  are  airi  i 
ifux  connected  with  the  lungs,  and  locnl^d  in  different  partaltf  I 
tlie  body;  and  in  birds  that  %  r.ipidly  nnd.  are  long  Uiion  ttl*  I 
wing,  thcae  sacs  Are  very  extensive,  and  even  many  of  ^A,  J 
bones  are  made  hollow,  and  arc  connected  with  the  air  Utti.l 
By  ihie  arrangement,  the  wr  is  introduced  extensively  to'  tin  J 
blood  in  the  capillaries  on  the  wails  of  these  itaca,  and  aVtttS  1 
same  lime  the  body  is  made  very  light.  And  the  heat  gener*  J 
ated  by  the  effort  of  dying  must  ejipniid  tbe  nir  in  the  air-ea&  7 
and  swell  them  out,  and  thus  make  the  body  lighter.  In  F!g.  4T.1 
n  this  arrangement  of  air-sacs  in  (he  ostricli.  The  lungs,  I 
re  quite  small,  but  the  nir-eacs,  r,  c,  e,  aw  very  Urgo.  A 
iriGees  by  which  they  coromuiiicale  with  tlioluniip  you  w 
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through  the  arteries.  This  change  is  effected  in  the  lungs.  As 
the  purple  blood  returns  to  the  heart,  it  is  sent  by  the  heart  to 
the  lungs,  in  order  to  be  exposed  to  the  air  before  it  is  sent 
again  over  the  system.  For  this  purpose  there  are  two  circula- 
tions, and  the  heart  is  a  double  organ ;  or  rather,  there  are  in 
effect  two  hearts  for  the  two  circulations,  for  the  two  sides  of 
the  heart  have  no  communication  with  each  other.  The  appa- 
ratus for  all  this  is  very  comphcated,  but  I  think  it  can  be  made 
dear  to  you. 

113.  I  present,  first,  a  diagram,  which  is  intended  to  repre- 
sent merely  the  course  of  the  circulation,  without  regard  to 
proportionate  size,  or  to  minutiae  in  the  arrangement  of  the  ap- 
paratus. Let  a  represent  the  right  side  of  the  heart,  c  the  left 
side,  b  the  lungs,  and  d  the  general  system  of  the  body.  The 
arrows  show  the  direction  in  which  the  blood  flows.  In  all  the 
shaded  part  the  blood  is  venous  or  purple,  and  in  the  part  not 
shaded  it  is  arterial  or  red.  We  will  now  take  some  point  of 
beginning,  and  trace  on  the  Figure  the  course  of  the  circulation. 

FIG.  25. 


DIAGRAM  SHGWINQ  THE  COURSE  OF  THE  OIRCULATIGir. 


We  will  start  at  a,  the  right  side  of  the  heart.    The  blood  re- 
ceived here,  of  a  purple  color,  from  the  whole  body  by  the 
veins,  is  sent  by  the  heart  to  6,  the  lungs.     Here  it  changes  to 
red  blood,  and  passes  by  veins  back  to  tJae  heart — but,  observe, 
it  is  to  the  left  side  of  the  heart,  c.    It  is  now  sent  by  this  V' 
half  of  the  heart  t-o  all  parts  of  the  system,  represented  by 
Here,  in  the  capillaries,  it  is  changed  to  purple  blood,  and  ff 
back  by  veins  to  the  right  side  of  the  heart,  a,  the  place  wo 

we  started. 
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is  the  case  with  the  hydra,  represented  in  Fig.  1.  And,  what 
IS  very  singular,  the  outside  of  the  body  of  this  animal  is  just 
as  capable  of  acting  as  a  stomach  as  its  inside.  For  you  may 
turn  it  inside  out,  as  you  can  a  stocking,  and  yet  it  will  go  on 
to  catch  and  digest  its  food  as  usual.  But,  Wide  as  the  varia- 
tions arc  in  the  digestive  apparatus  of  animals,  the  same  com- 
mon object  is  aimed  at  in  all — the  assimilation  (§  10)  of  nu- 
trient substances  to  the  animial,  to  produce  a  material  from 
which  its  structure  can  be  built  and  kept  in  repair.  There  is, 
therefore,  mucli  that  is  common  to  them  all  in  the  modes  in 
which  this  object  is  accomplished.  And  even  the  analogy 
which  exists  between  the  animal  and  plant,  in  regard  to  assimi- 
lation, does  not  relate  to  the  fact  alone,  but  in  some  measure  to 
the  modes  in  which  tlfe  process  is  eflSscted. 


CHAPTER  VI. 

dRCULATIOK  OF  THB  BLOOD. 


97.  In  the  las^  chapter  I  described  the  manner  in  which  the 
blood  is  made  from  the  food.  The  blood,  thus  prepared,  is 
circulated  in  every  part  of  the  body,  that  it  may  be  used  for 
the  purposes  of  construction  and  repair.  The  apparatus  by 
which  this  is  done  acts,  as  I  iiave  before  said,  as  the  common 
carrier  of  the  material  which  is  used  everywhere  in  the  bo<ly 
by  the  laborers,  the  builders,  to  whom  it  is  thus  brought. 

98;  This  apparatus  consists  of  several  parts — a  great  central 
organ,  the  heart,  situated  in  the  chest ;  the  arteries,  the  tubes 
by  which  the  blood  is  conducted  to  all  parts  of  the  body ;  thtt 
veins,  other  tubes,  which  bring  the  blood  back  to  the  heart; 
and  capillaries,  a  network  of  exceedingly  minute  vessels,  through 
which  the  blood  passes  as  it  goes  from  the  extreme  arteries  into 
the  beginnings  of  tlie  veins.  The  blood  goes  from  the  heart 
through  a  large  artery,  called  the  aorta,  which  sends  forth 
branches ;  and  these  divide  and  subdivide,  so  tliat  the  extreme 
arteries,  through  which  the  blood  flows  into  the  capillary  net- 
work, are  very  minute.  And  the  veins  which  receive  the  blood 
from  this  network  to  cany  it  l)ack  to  the  heart,  are  equally 
minute ;  but  joining  togetlier  more  and  more,  as  they  proceed 
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.  toward  the  heart,  they  are  at  length  all  united  into  two  great 
venous  trunks,  one  from  above  and  the  other  from  below,  which 
pour  their  contents  into  this  organ.  The  capillaries,  taking 
their  name  from  the  Latin  word,  capilia,  a  hair,  are  so  small 
that  they  can  not  be  seen  by  the  naked  eye.  In  any  small 
cnt^  the  blood  which  oozes  out  comes  from  multitudes  of  these 
vessels.  They  serve  to  hold  the  blood,  while  the  formative. ves- 
sels, that  construct  and  repair  the  body,  may  select  from  it  such 
materials  as  they  need  for  their  purposes. 

99.  The  heart  is  a  great  central  forcing  and  suction  pump,  in 
the  midst  of  this  circulating  apparatus.  When  it  contracts,  it 
forces  the  blood  out  through  the  aorta  and  its  branching  ar- 
teries into  all  parts  of  the  system.  And  when  it  enlarges  or 
dilates  itself,  it,  by  suction,  as  it  is  termed,  rec(*ives  the  blood 
returning  from  the  system  through  the  veins.  The  blood  never 
ceases  to  go  these  rounds.  The  necessity  for  this  continual 
motion  you  will  perceive  as  I  proceed  with  the  development  of 
the  subject. 

100.  The  arteries  differ  from  the  veins  in  their  structure  and 
arrangement.  The  arteries  are  firm  tubes,  while  the  veins  are 
lax  in  their  structure.  The  object  of  the  difference  is  obvious. 
As  the  blood  is  forced  into  the  arteries  by  the  powerful  action 
of  the  heart,  it  is  necessary  that  they  should  be  strong  and 
firm,  else,  they  would  be  liable  to  dilatation  and  rupture,  and 
death  would  frequently  result.  As  it  is,  it  is  not  a  common 
event  to  have  an  artery  dilate  and  burst,  though  it  does  occa- 
sionally happen.  When  dilatation  does  occur  in  an  artery,  it 
is  called  an  aneurism.  But  the  arteries  need  to  be  firm,  not 
only  for  the  sake  of  security  against  rupture,  but  also  that  the 
force  of  the  heart  may  propel  the  blood  to  the  extremities  of 
the  arterial  system.  If  the  arteries  were  lax  tubes,  like  the 
veins,  the  impulse  would  soon  be  lost  in  the  3rielding  tubes,  and 
the  blood  would  move  very  sluggishly  in  the  small  arteries  at  a 
distance  from  the  heart  What  we  call  the  pulse,  is  caused  by 
this  impulse.  If  the  arteries  were  lax  tubes,  the  pulse  would 
not  be  felt  at  any  great  distance^  from  the  heart.  Instead  of 
being  distinct,  as  it  now  is,- with  every  beat  of  the  heart  almost 
to  the  very  extremities  of  the  arterial  system,  it  would  be  ren- 
dered colnised  by  the  yielding  of  the  tubes,  even  quite  near 
the  heart,  s^d  at  a  distance  from  that  organ  it  would  be  en- 
tirely lost 

101.  Besides  the  firmness  of  the  arteries,  there  is  another 
circuniBtance  which  favors  the  freeness  of  the  flow  of  blood 
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throDgh  them.  It  is  their  mode  of  divbion.  The  bnnch  rf 
an  arteiT  leaves  the  maiD  trunk  at  a  sharp  angle,  making  thug 
only  a  slight  deviation  from  the  direction  dT  the  cnrmit ;  while, 
on  the  ouer  hand,  in  the  veins  where  the  cmretit  flow*  in  an 
opposite  direction,  the  branch  unites  with  the  trunk  at  nearfy  a 
rignt  angle.  This  diSereoce  is  lepreseated  in  Fig.  22  ;  1  bang 
the  iuiat7,  and  2  the  veio. 


ARTBur  AND  VBIK. 


102,  The  venous  system  has  a  much  greater  capacity  than  . 
the  arterial.  That  is,  all  the  veins  of  the  body  are  tt^ther  ca- 
pable of  holding  more  blood  tlmn  all  the  arteries  are.  And  the 
mood  moves  very  rapidly  and  directly  from  the  heart  throng 
the  arteries,  but  it  comes  back  to  the  heart  quite  slowly  tliroug^ 
the  veins.  Every  thing  is  arranged  to  promote  this  rapid  <ar- 
culation  through  the  uxeries,  while  the  venous  system  is  calcu- 
lated for  a  slow  but  sure  progress  of  the  blood  back  to  the 
heart  To  secure  this,  valves,  ^nade  of  folds  of  the  inner  lining 
of  the  veins  are  bo  arranged  as  to  prevent  the  blood  (torn  flow- 
log  in  flie  wrong  direction.  Fig.  23  represents  a  veii^cut  open 
BO  as  to  show  these  valves.  A  shows  the  valves  as  they  appear 
when  the  vein  is  laid  open  and  spread  out ;  B,  as  they  appear 
when  the  vein  is  simply  laid  open ;  and  C  repreeents  the  ap- 
pearanoe  of  the  oalaide  of  the  reia  where  tnate  are  valvea. 


THB  CIBCULATIOS. 


VALTKB  IN  THE  VKINB. 


He  need  which  there  ia  of  this  help  to  the  ciroulation  through 
the  veins  is  obvious.  The  Buction  power  of  the  h.eart  is  not 
oompetcnt,  unaided,  to  move  the  blood  throughout  «ll  the  lax 
venous  system.  These  pocket-like  valves,  therefore,  are  made 
in  the  veins  to  assist  the  circulation  there.  They  do  so  in  this 
way.  Every  motion  of  the  muscles  or  other  parts  about  the 
rans  tends  to  keep  the  blood  in  motion,  and  the  valves  serve  to 

Srevent  this  motion  from  being  in  the  wrong  direction.  The 
ifference  in  force  and  velocity  with  which  the  blood  moves  in 
the  arteries  and  in  the  veins,  is  made  manifest  when  they  are 
wounded.  Tiw  blood  flows  from  a  wounded  vain  in  a  glow 
■ud  steady  stream.  From  an  artery  it  flows  rapidly,  showing 
■  the  impulse  of  the  heart  in  its  ieti,  which  correspond  exactly 
with  the  pulse.  Hence  oomes  the  dan^r  in  wounding  an  ar- 
tery, while  the  wound  of  a  vein  is  ordinarily  attended  with  no 
cUnger.  Accordingly,  we  find  that  the  "Maker  of  our  bodies" 
has  60  placed  the  arteries  lliat  they  cannot  easily  be  wounded, 
while  many  of  the  veins  are  quite  freely  eipoeed.  The  sVteries 
are  deeply  seated,  except  in  some  few  casee  where  this  is  im- 
ptMaiUe ;  but  the  veaaa  are  often  superficially  situated.  You 
can  see  this,  for  example,  in  the  bend  of  the  arm.  Some  lai^ 
vdns  appear  there  just  under  the  skin,  while  the  artery  which 
supplies  the  arm  is  imbedded  among  the  muscles  and  tendons. 
In  every  part  of  the  body,  the  moet  secure  spot  is  chosen  for 
an  artery.  Thus,  at  the  snee  joint,  the  arterv,  instead  of  run- 
■dug  6nt  the  wabaa  of  bone,  vhm  it  would  be  liable  to  ba 
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wounded,  lies  deep  in  the  ham  at  the  rear  of  the  joint.  The 
same  is  trae  of  uie  elbow  joint,  just  alluded  to,  and  of  other 
parts  of  the  body.  Although  there  are  arteries  everywhere^ 
they  are  so  uniformly  deeply  seated,  that  it  is  only  in  a  few  lo- 
calities that  you  can  readily  find  one.  Tou  can  feel  one  pal- 
sating  at  the  wrist,  and  also  on  the  temple.  Here  the  arteriea 
are  superficial,  only  because  it  is  impossible  that  it  should  be 
otherwise. 

108.  When  the  physician  bleeds  a  patient,  he  commonly 
does  it  at  the  bend  of  the  arm,  as  being  the  most  convenient 
place  for  the  operation.  A  ligature  of  some  sort,  as  a  ribbon,  is 
tied  around  the  arm  above  the  elbow,  with  sufficient  tightness 
to  interrupt  the  flow  of  blood  toward  the  heart  in  the  super- 
ficial veins,  but  not  so  tightly  as  to  prevent  the  free  supply  of 
blood  to  the  arm  by  the  artery.  It  is  commonly  tied  as  tightly 
as  it  can  be  without  stopping  the  puke  at  the  wrist.  An  open- 
ing is  then  made  in  one  of  the  veins ;  and,  as  the  blood  flows 
freely  into  the  arm  from  the  heart  through  the  artery,  on  ito 
return,  so  much  of  it  as  passes  through  the  opened  vein  is  dis- 
charged at  that  point. 

104.  It  wi^l  be  proper  here  to  ^ve  some  practical  instruc- 
tion, in  regard  to  stopping  the  flow  of  blood  from  a  wounded 
artery,  as  many  lives  have  been  lost  from  the  ignorance  of  by- 
standers when  such  accidents  have  happened.  Enveloping  the 
part  in  cloths,  wbich  is  so  commonly  done  at  such  times,  does 
no  good,  but  only  serves  to  catch  and  conceal  the  blood  as  it 
flows.  Pressure  upon  the  artery,  on  that  side  of  the  wound 
which  is  toward  the  heart,  will  of  course  interrupt  the  supply  of 
blood  from  this  organ  to  the  wound.  Firm  pressure  with  the 
tiiumb  will  do  it.  But  the  pressure  must  be  made  at  the  right , 
point,  that  is,  directly  upon  the  artery.  You  may  not,  in  all 
cases,  press  upon  the  right  spot  at  once.  If  you  do  not,  the 
blood  will  continue  to  flow.  In  this  case,  press  at  diflerent 
points,  until  you  find  the  point  at  which  you  see  that  pressure 
stops  the  flow  of  blood  from  the  wound.  But  you  may  not  be 
able  to  find  the  right  spot.  If  you  can  not,  you  can  ^ie  a  slip 
of  strong  cloth  or  a  handkerchief  around  the  limb,  above  the 
wound,  and  twist  a  stick  in  it  until  the  bleeding  stops.  In  one 
or  the  other  of  these  ways,  you  can  prevent  the  loss  of  blood 
until  the  surgeon  arrives  to  take  charge  of  the  case. 

105.  Although  there  is  no  such  free  communication  between 
arteries  as  exists  between  the  capillaries,  there  is  some  amount 
of  conununication,  and  particularly  in  certain  parts  of  the  bodji 
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Aod  it  18  well  that  it  is  so,  for  it  sometimes  helps  the  surgeon 
to  save  a  limb,  when  he  could  not  do  it  if  there  were  no  com- 
munication. I  have  already  alluded  to  a  disease  of  the  arteries 
called  aneurism.  An  artery  has  three  coats,  one  of  which  is  a 
strong  fibrous  one.  When  this  is  thinned  or  ruptured,  the 
other  two  coats  bulge  out,  forming  a4)ulsiating  tumour.  And, 
as  tlie  blood  is  constantly  pumped  into  this  by  the  force  of  the 
heart,  it  enlarges,  and  at  length  it  may  burst,  and  the  life  of 
the  patient  will  be  destroyed  by  the  loss  of  blood.  When  an 
aneurisra  formed  in  a  limb,  as  for  example  in  the  hum,  the  sur- 
geon, in  former  times,  used  to  save  the  life  of  the  patient  by 
amputating  the  limb  above  the  aneurism.  Putting  a  ligature 
round  the  artery  above  the  aneurism  would  of  course  stop  the 
dow  of  blood  into  it ;  but  it  was  supposed  that  the  limb  would 
die,  in  that  case,  from  the  want  of  a  proper  supply  of  blood. 
But  it  was  found,  at  length,  that  this  was  not  so ;  and  surgeons 
now,  in  such  cases,  cure  the  disease,  and  save  the  limb  too,  by 
tying  the  artery.  Immediately  after  the  operation  the  limb  is 
cold,  and  there  is  plainly  very  little  circulation  in  it.  But  in  a 
few  hours  the  circulation  becomes  free,  and  in  a  little  time  it  is 
as  well  established  as  ever.  This  is  effected  by  the  eommuni- 
^  cations  which  exist  between  the  branches  which  go  off  from  the 
ftiiery  above  the  aneurism,  and  those  which  go  off  below  it. 
It  is  obvious,  however,  that  this  would  not  be  thoroughly 
effected  if  no  change  took  place  in  the  size  of  the  communicat- 
ing arteries.  But  this  change  does  occur.  Some  of  them  be- 
eoine  enlarged  to  meet  the  necessity  of  the  case.  This  is  a 
most  interesting  fact;  and  so  is  also  the  fact,  that  these  commu- 
nications between  branches  of  arteries  are  very  common  in  the 
neighborhood  of  those  places  in  the  body,  where  aneurism, 
from  strains  produced  by  violent  and  sudden  motion,  is  peculi- 
arly apt  to  appear.  This  same  provision  avails,  of  course,  when 
aneurism  is  cured*  by  pressure  made  upon  the  artery  above  it, 
a  measure  which  modern  surgery  has  found  in  many  cases  to 
be  as  efiectual  as  tying  the  artery. 

/  106.  There  have  been  ^eat  dififerenoes  of  opinion  among 
physiologists,  in  regard  to  the  proportionate  amounts  of  agency 
that  the  difl^rent  parts  of  the  apparatus  have  in  carrying  on 
the  circulation.  The  heart  manifestly  exerts  the  chief  agency, 
both  by  its  forcing  and  its  suction  power.  You  can  get  a  clear 
idea  of  the  manner  in  which  it  exerts  these  two  forces  in  this 
way.  Fill  a  ball  of  India  rubber,  to  which  a  tube  is  attached, 
with  water,  and  immorse  the  tube  in  water  in  a  vesoeL    If  yon 
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press  the  sides  of  the  ball  together,  some  of  the  water  is.fiMroecl 
out  into  the  vessel.  This  represents  the  contraction  of  Iha 
heart  I£^  now,  jou  allow  the  ball  by  its  elasticity  to  rdsame 
iti  round  shape,  the  water  rushes  into  it  from  the  vessel.  Tbk 
represents  the  dilatation  of  the  heart  The  dilatation  of  the 
ball  results  from  its  elasticity ;  and  so  it  is  supposed  by  soma 
that  the  dilatation  of  the  heart  results  from  the  same  cause,  its 
contraction  alone  being  produced  by  muscular  action.  Whether 
this  be  so  or  not  the  dilatation  is  an  active  one,  and  the  blood 
rushes  into  the  heart  from  the  veins  by  suction,  as  it  is  termed. 
The  dilatation  is  so  active  tliat,  as  has  been  shown  by  experi- 
ments on  animals,  even  a  great  amount  of  pressure  is  not  able 
to  prevent  its  taking  place. 

107.  But,  great  as  the  agency  of  the  heart  is,  it  is  not  true 
that  it  is  the  only  moving  power,  and  that  the  arteries  and  veins 
are  mere  passive  conducting  tubes.  There  are  various  phenomena 
which  show  that  the  arteries,  the  capillaries,  and  even  the  lax 
veins,  exert  a  considerable  agency  in  circulating  the  blood.  I 
will  merely  allude  to  some  of  these  phenomena.  Determina- 
tions of  blood  to  particular  ])art3  show  that  the  blood-vesseb 
have  an  active  agency  in  the  circulation.  In  inflammation  of 
any  part  there  is  an  increased  activity  of  the  ])articukir  portion 
of  the  circulating  apparatus  supplying  that  part^  In  the  act  of 
blushing,  there  is  a  local  activity  of  the  circulation  somewhat 
independent  of  the  heart  This  is  also  true  of  the  circumscribed 
flush  of  hectic. 

108.  There  is  one  portion  of  the  circulation  in  i^iich  the 
active  agency  of  the  capillaries  is  especially  manifest  The 
veins,  as  I  have  told  you,  receiving  the  blood  from  all  parts  of 
the  body,  at  length  are  all  uuitc^d  into  two  voins,  which  empty 
their  contents  into  the  heart  But  there  is  a  very  remarkable 
exception  to  this.  The  yeins  which  collect  the  blood  from  the 
\i^cera  in  the  abdomen  unite  in  one  large  trunk,  called  the  vena 
porte ;  and  this,  instead  of  pouring  its  contents  into  the  large 
vein  that  goes  up  to  the  heart,  divides,  like  an  artery,  into 
branches,  which  take  all  this  blood  to  the  liver  for  the  monu&c- 
ture  of  bile.  Fig.  24  represents  this  circulation  of  the  vena 
portse.  1,  1,  are  Uie  veins  coming  from  the  intestines ;  2  is  the. 
trunk  of  the  vena  porlse  ;  and  3,  3,  are  the  branches  of  it  dis- 
tributed in  the  liver.  Now,  it  can  not  be  pretended  that  the 
suction  power  of  the  heart  extends  its  influence  through  the  veins 
that  bring  the  blood  from  the  liver,  then  through  the  capillaries 
of  this  organ,  and  then  through  all  the  veins  that  bnng  the 


THE  CIRCULATION. 


TBNOUa  BLOOD  IS  THE  LITER. 


Uood  to  the  liver,  even  to  the-  capillaries,  of  the  abdominal  vis- 
cerft.  Tlfere  must  be,  in  this  cose,  lomo  propelling  power  in 
the  capillariea,  and  some,  too,'  aUo  in  the  veins.  If  there  nere 
not,  another  Hubordinate  heart  would  obviously  bo  needed  in 
the  vena  portse,  Ui  puillp  Up  the  blood  from  all  the  Veins  of  the 
abdomin^  viscera,  and  Uien  to  send  it  through  all  its  branches 
into  the  capillaiiea  of  the  liver. 

106.  The  veins  have  a  less  aotjve  agency  in  the  circnlation 
than  any  of  the  other  parts  of  the  apparatus.  It  is  for  this 
reason  that  commonly  after  death  the  veins  are  fonnd  quite 
fbtl  of  blood,  while  the  arteries  are  nearly  empty.  The  appar- 
ratus  of  the  circulation  may  be  regarded  as  forming  a  circle  of 
organs  in  this  order — the  heart,  the  arteries,  the  capillaries;  and 
the  veins.  The  Mood  is  constantly  going  the  rountb  of  this 
drcle.  It  is  plain  that,  as  the  apparatus  is  about  to  stop,  there 
rnnst  bo  an  accumulation  in  the  weakest,  least  active,  and  moat 
relaxed  of  tlm  circle  of  organs.  The  arteries  and  capiliaricB  force 
thb  Uood  into  th»  veins  to  the  last  moment  of  Ufa.    1^  efiec* 
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probably  extends  no  further  than  the  smaller  veins ;  but  the  hearty 
by  its  active  dilatation,  draws  the  blood  from  tliem  into  the  larger 
veins.  And  as  these  two  forces,  at  the  two  ends  of  the  venous 
system,  are  at  work  up  to  the  last  moment,  the  whole  of  this 
system  is  filled  with  blood. 

110.  The  fact,  that  the  larger  arteries  arc  commonly  found 
nearly  empty  of  blood  after  death,  gave  the  ancients  tlie  idea 
that  air  circulated  in  arteries,  wliilo  blood  circulated  in  veins. 
Ifence,  the  name,  artery,  is  derived  from  two  Greek  words,  sig- 
nifying to  hold  air.  And  hence,  also,  by  long  established  cus- 
tom, in  common  language,  the  blood  is  spoken  of  as  running  in 
our  veins ;  and  it  would  sound  strangely,  if,  in  common,  and 
especially  in  ]>oetical  language,  we  should  speak  of  it  as  running 
in  our  arteries  also.  Altiiough  there  were  from  time  to  time 
some  glimpses  of  the  true  idea  of  the  circulatiou,  it  was  not 
really  developed  and  demonstrated  till  al)Out  two  huudred 
and  thirty  years  ago.  Harvey  spent  eight  years  in  maturing 
his  ideas  on  the  subject.  When  he  published  them,  tliey  en- 
countered much  opposition ;  but  he  lived  long  enough  to  sco 
them  almost  universally  received  by  the  medical  world,  although 
the  profession  was  in  a  much  less  enlightened  state  than  it  is  at 
tlie  present  day. 

111.  I  will  now  tako  you  a  stop  farther  in  the  development 
of  the  plan  of  the  circulation.  I  have  said  that  the  otiicc  of 
the  arteries  is  to  cximduct  the  bluod  to  the  network  of  capil- 
laries, and  that  in  the  capillaries  the  blood  has  Teached  its 
place  of  destination  where  it  is  to  be  iLsod.  The  fornintive  ves- 
sels, appended  to  llio  capillaries,  take  IVom  the  blood  what  thoy 
need  for  their  various  purposes,  and  at  the  same  time  there  is 
added  to  the  blood  rcfufse  matter  from  tlie  wjijjte  of  the  tissues. 
The  blood,  then,  is  changed  while  it  is  in  the  capillaries.  You 
see  the  change  iu  its  color.  Li  the  arteries  it  was  red;  but, 
after  pacing  through  the  capillaries,  it  api^^ars  in  the  veins  of 
a  purple  color.  It  is  also  as  much  clianged  in  other  properties. 
It  is  no  longer  fitted  to  nourish  the  body.  It  would  even  prove 
a  poison  to  any  organ  if  it  should  flow  into  its  capillaries.  If  it 
should,  for  exami)le,  be  sent  to  the  brain,  instead  of  bright  ar- 
terial blood,  tliat  organ  would  cease  to  do  its  oflice ;  insensibility 
would  ensue,  and  life  would  soon  be  destroyed,  if  the  flow  cf 
red  blood  could  not  be  established. 

112.  This  purple  blood,  which  comes  back  to  the  heart  from 
the  capillaries  by  the  veins,  must,  therefore,  be  in  some  way 
changed  to  rod  blood,  before  it  is  again  sent  all  over  the  system 
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through  the  arteries.  This  change  is  effected  in  the  lungs.  As 
the  purple  blood  returns  to  the  heart,  it  is  sent  by  the  heart  to 
the  lungs,  in  order  to  bo  exposed  to  the  air  before  it  is  sent 
again  over  the  system.  For  this  purpose  there  are  two  circula- 
tions, and  tiie  heart  is  a  double  organ ;  or  rather,  there  are  in 
effect  two  hearts  for  the  two  circulations,  for  the  two  sides  of 
the  heart  have  no  communication  with  each  other.  The  appa- 
ratus for  all  this  is  very  comphcated,  but  I  think  it  can  be  made 
dear  to  you. 

113.  1  present,  first,  a  diagram,  which  is  intended  to  repre- 
sent merely  the  course  of  the  circulation,  without  regard  to 
proportionate  size,  or  to  minutiae  in  the  arrangement  of  the  ap- 
paratus. Let  a  represent  the  nght  side  of  the  heart,  c  the  left 
side,  b  the  lungs,  and  d  the  general  system  of  the  body.  The 
arrows  show  the  direction  in  which  the  blood  flows.  In  all  the 
shaded  part  the  blood  is  venous  or  purple,  and  in  the  part  not 
shaded  it  is  arterial  or  red.  We  will  now  take  some  point  of 
beginning,  and  trace  on  the  Figure  the  course  of  the  circulation. 


FIG.  25. 


DIAGRAM  BHOWINO  THE  COURSE  OF  THE  OIRCULATIOir. 

We  will  start  at  a,  the  right  side  of  the  heart  The  blood  re- 
ceived here,  of  a  purple  color,  from  the  whole  body  by  the 
veins,  is  sent  by  the  heart  to  6,  the  lungs.  Here  it  changes  to 
red  blood,  and  passes  by  veins  back  to  the  heart — but,  observe, 
it  is  to  the  left  side  of  the  heart,  c.  It  is  now  sent  by  this  left 
half  of  the  heart  to  all  parts  of  the  system,  represented  by  d. 
Here,  in  the  capillaries,  it  is  changed  to  purple  blood,  and  goes 
back  by  veins  to  the  right  side  of  the  heart,  a,  the  place  where 

we  started. 
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preserve  the  same  general  form  in  the  part  during  all  the  suc- 
cessive stages  of  growth.  And,  as  all  the  different  stiucturea 
of  the  body  enlarge  together,  there  must  be  agreement  between 
different  sets  ;  else  there  would  be  encroacliment  and  oonfusioq. 
Thus  in  the  growth  of  the  tiny  arm  of  infancy  to  the  sturdy 
arm  of  manh(>od,  each  set  of  builders  must  during  all  thiA  time 
keep  witliin  its  proper  limits,  so  that  there  may  be  just  the  right 
proportion,  and  the  right  position  of  bone,  and  muscle,  and 
tendon,  and  ligament,  and  cellular  membrane,  and  skin,  and 
nail,  <kc.,  that  make  up  the  arm. 

160.  But  this  concert  of  action  appears  the  most  wonderful 
when  a  now  action,  or  change  of  action  is  called  for.  In  the 
transition  from  childhood  to  youth,  for  example,  the  builders 
of  the  apparatus  of  the  voice,  the  larynx,  all  at  once  become 
unusually  active  in  their  work,  and  a  great  enlargement  of  this 
musical  instrument,  for  such  it  is,  takes  place,  so  that  it  may 
now  utter  the  grave  notes  of  manhood.  Soon,  too,  the  beard- 
builders  begin  their  new  work  upon  the  face.  And  during  the 
period  of  childhood  new  operations  have  been  continually  insti- 
tuted among  the  builders  of  the  teeth,  as  one  tooth  after 
another  has  made  its  api>earance,  and  as  the  new  set  have  re- 
placed the  old.  To  produce  in  the  enlarging  jaw  a  new  set  of 
teeth  to  take  the  place  of  the  smaller  and  less  numerous  first 
set,  and  to  bring  them  out  in  a  symmetrical  arrangement,  re- 
quire a  very  complicated  series  of  operations.  To  effect  each 
one  of  these,  there  must  be  concert  of  action  among  the  forma-. 
tive  vessels ;  and  there'  must  be  a  most  wonderful  concert 
among  the  different  successive  sets  of  builders,  to  make 
all  these  series  of  operations  work  out  at  length  the  general 
result.  ^ 

167.  This  change  of  action  in  the  formative  vessels  is 
strikingly  cxcmpliiicd  in  some  animals.  I  refer  to  those  that 
so  entirely  change  their  forms  during  the  period  of  their  exist- 
ence. I  will  give  two  examples.  The  first  is  the  common 
frog.  He  is  at  first  what  is  termed  a  tadpole,  and  goes  through 
many  successive  changes  to  become  a  complete  m>g.  These 
changes  are  represented  in  the  following  figures.  The  relative 
sizes  are  not  preserved,  the  tadpole  state  being  represented  re- 
latively much  too  large,  for  the  purpose  of  showing  more 
clearly  the  development  of  the  legs.  The  young  tadpole  is 
represented  in  Fig.  49.  It  has  a  lai^  head  and  body,  and  a 
long  flat  tail  by  which  it  swims  easily.  There  are  no  promi- 
nences to  indicate  the  putting  forth  of  any  thing  like  limba.     It 
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Fin.  50; 


Fro.  49. 


FIG.  51. 


FIG.  53. 


FIG.  53. 


FIG.  54. 


bas  gills,  which  are  Idtso  fringes  on  each  side  of  the  head. 
These  giHs  after  a  time  disappear,  and  it  has  another  set  of 
gills  arranged  under  a  fold  of  skin  very  much  like  the  gilb  of  a 
fish.  The  form  is  then  as  in  Fig.  50.  The  next  change  is 
this.  The  hind  logs  begin  to  grow  out  as  seen  in  Fig.  51. 
Next,  the  fore  legs  appear  as  seen  in  Fig.  52.  The  tail  is  still 
very  large.  This  now  gradually  disappears  while  the  legs  grow 
as  represented  in  Fig.  53.  In  Fig.  54,  representing  the  perfect 
frog,  the  tail  has  entirely  disappeared.  With  these  exterior, 
changes  interior  ones  have  be^n  going  on  also.  The  animal, 
which  was  at  the  first  a  real  fish,  breathing  with  gills 
and  swimming  in  water,  has  lost  its  gills,  and  has  now  a  pair 
of  lungs  ;  and  it  is  no  longer  able  to  remain  long  under  water, 
without  coming  to  the  surface  to  breathe  the  air. 

1 G8.  The  other  example  is  the  silk- worm.  It  is  represented 
in  Fig.  55.  When  it  has  attained  its  full  growth,  it  passes  into 
what  is  termed  its  chrysalis  state,  Fig.  56,  it  having  previously 
woven  for  itself  from  its  silken  tlircad  a  case  or  cocoon. 
While  it  is  in  this  state  of  inactivity  great  changes  are  going 
on  in  its  structure,  and  it  at  length  b^mes  a  perfect  winged 
insect,  as  represented  in  Fig.  57. 

In  the  two  cases  which  I  have  described,  in  each  successive 
change,  the  concert  of  action  in  the  formative  vessels  is  pre- 
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169.  The  chnnfTc  of  aclioti  in  thu  ftrmntivo  vesscK  whiet  it 
sometiincfi  called  li>r  hy  nccidi'nt  ntid  disuiise,  exhibits  in  an  in- 
terostiiig  nintitior  tlio  concert  Ix'twet'li  these  veancla  as  in; 
flucnced  \>y  circunislnnccs.  When  a  bone  is  brolcn,  the*e 
formative  vessels  wt  tlu-iiisclvps  lo  work  to  repwr  tiie  injury, 
by  forming  new  bone  between  and  around  the  two  ends  of 
bono,  which  new  bone  we  call  cnlluH.  In  this  case,  the  bone- 
buildera  ext'iud  tJieir  range  of  operations  to  meet  the  new 
necessity;  and  in  doing  bo  tiioy  mainbiin  the  sanie  concert 
wtiich  marked  their  usual  Ojierations  before  the  bone  was 
broken,  I  staled  in  g  105,  that  when  an  artery  is  tied,  to 
cure  an  aneurism,  the  clrculalioii  in  the  liinb  is  kept  itp  by  tlie 
small  arteriea  tliat  fto  off  from  it  above  the  ligfttiire,  communi- 
cating with  those  that  branch  off  below ;  and  tliat,  in  order  to 
make  the  circulation  perfect,  some  of  these  commnnicating 
nrtericM  gradually  enlarge,  to  meet  the  nooeseitics  of  the  case 
Now,  this  enlargement  is  not  a  mere  dilatation  produced  b" 
the  distending  blood.  Tlra  arteries  grow  in  thickness  as  wa. 
as  in  capacity.  The  artery-builders  are  awakened  to  a  new  ac- 
tivity, and  make  the  arteries  in  this  iiuartcr  after  a  laiger  pat- 
tern than  the  one  originally  designed  tor  them. 

ITO.  Concert  of  action  under  successive  changes  is  strikingly 
exhibited  in  the  processes  of  inllaniination.  The  following  ac- 
count of  these  processes  is  from  a  work  published  by  th« 
author,  entitled  "  Physician  and  I'atient"     "  lou  see  a  awelling. 
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It  after  a  while  begins  to  soften.  There  is  matter  in  it,  hot  it 
is  not  yet  very  near  the  sur&ce.  But  soon,  at  some  point,  it 
comes  nearer  and  nearer  to  the  surface,  the  wall  of  the  abscess 
thus  becoming  constantly  more  thin,  till,  at  length,  it  opens 
and  discharges.  The  discharge  continues  till  the  swelling  is 
nearly  all  gone,  and  the  remainder  is  absorbed,  and  the  part 
B  restored  to  its  natural  state.  Just  look  for  a  moment  at 
the  complicated  character  of  this  apparently  simple  operation. 
Here  is  quite  a  large  deposition  of  substance  which  is  to  be  re- 
moved ;  and  this  is  the  object  to  be  effected.  Observe  how  it 
18  done.  The  softening  of  the  swelling  is  not  a  mere  change 
of  solid  substance  into  a  fluid,  as  if  by  decay,  but  it  is  the  re- 
sult of  an  active  process,  which  we  call  suppuration.  When 
this  process  is  properly  performed  good  pus  is  made,  or  as 
the  old  writers  in  medicine  rather  quaintly  expressed  it,  laud- 
able  pus.  This  process  of  suppuration,  when  it  is  well  done, 
does  not  go  on  here  and  there  in  the  swelling,  making  it  like  a 
honeycomb  with  a  multitude  of  little  abscesses ;  but  there  is  a 
consent,  an  agreement  of  action  by  the  vessels  of  the  part,  as 
really  as  if  they  worked  intelligently.  It  is  this  consent 
of  action  which  not  only  makes  the  line  of  movement 
in  the  abscess,  but  points  it  towards  the  surface,  instead  of 
giving  it  some  other  direction,  laterally  or  inward,  upon  some 
of  the  internal  organs.  But  it  is  furtlKt  to  be  observed,  that 
in  this  agreement  of  action,  the  vessels  of  the  part  do  not  all  do 
one  thing.  Three  diff<r«rent  oihces  are  performed  by  them  in 
the  different  quarters  of  the  abscess.  While  some  of  these 
little  workmen  are  forming  the  pus,  there  are  others  thinning 
the  wall  of  the  abscess  in  the  direction  of  the  surface,  by 
absorbing  or  taking  up  the  substance  there;  while  there  are 
others  still,  in  the  rear,  and  at  the  sides  of  the  abscess,  deposit- 
ing  substance,  in  order  to  make  a  barrier  to  prevent  the  pus 
from  being  diffused  in  the  surrounding  parts.  Each  class  of 
these  workmen  perform  their  particular  work  with  even  more 
exactness  and  harmony,  than  would  be  expected  of  any  com- 
pany of  intelligent  laborers  under  the  direction  of  a  leader. 
The  absorbents  absorb  together,  the  wall-builders  build  together, 
and  the  makers  of  pus  make  pus  together,  and  deposit  it  in  a 
common  reservoir. 

171.  But  observe  farther,  and  you  will  soon  see  an  entire 
change  come  over  the  whole  scene  of  operations.  When  the 
absorbents  have  completed  their  passage  for  the  pus  through 
the  skin,  the  pus  is  g^idually  discharged  from  its  reservoir,  and 
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the  '*  occupation  "  of  the  pus-makers  is  soon  ^  gone.^  The  wall 
builders  also  cease  their  work,  and  while  the  vacancy  beoomei 
filled  up  by  contraction  and  deposition,  the  wall  of  defense,  so 
carefully  maintained  so  long  as  was  needed,  is  now  taken  up 
by  the  absorbents,  workmen  which  seem  to  know  just  when,  as 
well  as  how,  to  do  their  duty." 

172.  Here  you  have  concert  of  action  exemplified  in  a 
complicated  set  of  associated  actions,  to  accomplish  a  tempo- 
rary purpose.  These  actions,  as  you  see,  change  in  the 
different  stages  of  the  process,  each  one  being  performed  just  at 
the  time,  and  during  the  period  that  it  is  wanted.  And  when 
the  temporary  purpose  aimed  at  is  accomplished,  the  vessels  of 
the  part  resume  at  once  their  ordinary  duties.  It  is  to  be  ob- 
served also,  that  the  concert  of  action  is  not  confined  to  the 
formative  vessels;  but  it  appears  also  in  those  vessels  called 
absorbents,  of  which  I  shall  speak  soon  more  particularly. 
And  these  two  sets  of  vessels  do  not  interfere  with  each  other, 
but  have  a  sort  of  agreement  together  in  accomplishing  the 
general  result.  This  concert  of  action  is  plainly  seen  among 
the  absorbents,  not  only  in  this  case,  but  in  all  the  cases  that  I 
have  cited  as  exhibiting  it  among  the  formative  vessels.  For 
example,  in  the  case  of  the  frog  (§  167)  while  the  formative 
vessels  are  constructing  the  logs,  the  absorbents  are  removing 
the  tail.  So  in  the  case  of  the  teeth  (§  166)  while  the 
formative  vessels  are  constructing  the  second  sot,  the  absorbents 
remove  the  ends  of  the  fangs  of  the  teeth  in  the  first  set,  so 
that  they  are  loosened  in  their  sockets,  and  are  thus  taken  out 
of  the  way  of  the  coming  teeth.  And  indeed,  wherever  there 
is  formation,  there  is  absorption;  and  the  same  concert  of 
action  always  appears. 

173.  I  have  spoken  of  the  great  variety  of  structures,  which 
are  made  out  of  the  same  material,  the  blood.  Besides  this, 
all  the  different  secretions  are  also  formed  from  the  same 
material.  This  appears  wonderful  when  we  look  at  the  differ- 
ence between  such  secretions  as  the  tears,  the  ear-wax,  'the 
gastiic  juice,  the  bile,  <&c  And  it  ap|)ears  more  wonderful  still, 
when  we  consider  that  these  various  glands,  or  factories,  as  we 
may  call  them,  are  built  from  the  same  material  out  of  which 
they  make  their  products.  There  is  one  curious  exception  to 
this.  It  is  in  the  case  of  that  large  gland,  the  liver.  This 
gland  is  built  and  kept  in  repair,  like  all  the  other  glands,  by 
arterial  blood.  But  while  they  make  their  secretions  out  of 
this  arterial  blood,  the  Uver  makes  its  secretion  out  of  vetunu 
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blood,  which  is  brought  to  it  for  that  purpose  as  described  in 
§^108. 

'174.  Thus,  all  ^Jie  solids  and  fluids  in  the  body  are  made 
from  the  blood.  Even  the  heart  itself  is  made  from  the  blood 
which  it  pumps  out  into  the  aorta ;  for  from  this  aorta  go  out 
some  small  arteries,  to  carry  blood  to  the  walls  of  the  heart  for 
its  growth  and  repair.  These  arteries  are  represented  in 
Pig.  31. 

175.  There  is  not  only  construction  going  on  in  every  part 
of  the  system,  but  there  is  waste  also.  Tbe  wear  and  tear  of 
the  ever-moving  machinery  continually  makes  some  of  the  par- 
ticles useless,  and  these  must  in  some  way  be  removed.  I  pro- 
pose now  to  show  how  this  is  done. 

176.  There  arc  two  kinds  of  waste  particles;  and  for  the  dis- 
posal of  them  two  different  plans  are  pursued.  Some  of  the 
waste  particles,  though  wholly  useless  where  they  are,  can  be 
rendered  fit  to  be  used  again  by  being  subjected  to  certain  pro- 
cesses. These,  therefore,  are  not  thrown  out  of  the  system,  but 
are  taken  up  by  absorbents,  and  are  carried  where  the  neces- 
sary  processes  can  be  applied  to  them ;  and  then  they  are  in- 
troduced into  the  blood,  to  make  again  a  part  of  the  building 
material  But  there  are  some  waste  particles  that  can  not  be 
used  again  ;  and  these  are  so  managed  as  to  be  got  rid  of  at 
various  outlets  of  the  system.  These  two  kinds  ofpartides  are 
taken  up  by  two  different  sets  of  absorbents.  The  selecting 
power  which  they  thus  exert  is  as  unerring  as  if  they  were  pos- 
s^scd  of  intelligence ;  and  it  is  wholly  unaccountable,  although 
some  physiologists  have  attempted  to  explain  it. 

177.  The  particles  which  can  be  used  again  are  taken  up  by 
absorbents,  which  are  termed  lymphaiics.  These  vessels  are 
much  like  the  lacteals,  the  absorbents  in  the  intestines.  They 
unite  together,  as  they  come  from  all  parts  of  the  body,  into 
two  trunks.  One  of  these  is  the  thoracic  duct  (described  in 
§91),  which  is  the  common  duct,  both  of  the  lymphatics 
and  the  lacteals,  (Fig.  17,)  and  in  which  the  chyle  and  tho 
)ymph,  as  the  fluid  in  the  lymphatics  is  called,  are  mingled  to- 
gether. The  other  trunk,  which  receives  the  lymph  from  but  a 
small  part  of  the  body  empties  its  contents  into  a  large  vein  at 
the  right  side  of  the  top  of  the  chest.  The  largest  part  of  the 
lymph,  therefore,  unites  with  the  chyle,  and  is  poured  with  it 
into  the  circulation,  and  the  rest  reaches  the  same  destination 
by  another  way.  It  all  becomes  with  the  chyle  a  part  of  the 
blood.    But  before  this  is  done  it  passes,  like  the  chyle,  through 
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glands,  in  order  to  fit  it  to  become  again  a  part  of  the  buildings 
material  of  the  body.  These  glands  are  every  where  in  Uie 
track  of  the  lymphatics.  They  are  often  enlarged  from  disease, 
and  then  they  can  be  readily  felt.  This  is  often  the  case  with 
these  glands  in  the  neck.  In  relation  to  this  appropriation  of 
waste  particles,  which  I  have  thus  described,  it  may  be  truly 
said  that  man  lives  in  part  upon  his  own  flesh. 

178.  Those  waste  particles  which  are  entirely  useless  are 
taken  up  by  the  veins  directly  into  the  circulation.  They  then 
travel  the  rounds  with  the  blood,  and  are  thrown  off  from  the 
system  by  organs  appropriated  for  that  puq>ose.  These  organs 
are  the  lungs,  the  skin,  the  liver,  the  kidneys,  <bc  Each  of 
these  excretory  organs  is  litted  to  throw  off  its  particular  part 
of  the  waste.  Thus  tlie  lungs,  excrete  a  kind  different  from 
that  which  the  skin  does ;  and  so  of  the  rest.  The  lungs,  as 
you  saw  in  the  chapter  on  respiration,  throw  off  in  the  form  of 
carbonic  acid  gas,  large  quantities  of  the  airbon  evolved  in  the 
wear  and  tear  of  the  system.  The  liver,  the  skin,  <fec  throw 
off  parts  of  the  waste  which  differ  from  that  which  is  tliruwn 
off  by  the  lungs.  Why  it  is  that  the  waste  matter  is  thus  in- 
troduced into  the  circulation  to  be  carried  to  the  excretory  or- 
gans, instead  of  having  special  channels  appropriated  to  tlie 

Particular  otlice  of  carrying  it  to  its  outlet<t,  we  know  noL  And 
ow  it  can  thus  be  mixed  with  the  blood,  and  be  carried  about 
the  system  without  proving  noxious,  is  a  mystery.  That  it  can- 
not be  long  retained  in  the  blood  without  doing  injury,  is  shown 
by  the  evil  results,  which  come  from  a  sw^pension  of  excretion 
from  any  of  the  organs  that  I  have  mentioned. 

179.  It  is  interesting  to  observe  that  some  of  the  excretory 
organs  perform  other  functions  besides  that  of  mere  excretion.* 
Thus  the  lungs,  while  they  excrete  carbon,  absorb  oxygen, 
without  which  life  could  not  go  on.  At  the  same  time,  too, 
they  act  as  the  bellows  for  the  organ  of  the  voice,  the  larynx, 
as  you  will  see  in  the  chapter  on  that  subject.  So  also,  the 
liver,  while  it  excretes  what  would  be  noxious  if  it  remained  in 
the  blood,  puts  its  excretion  into  such  a  form,  that  it  proves,  as 
you  saw  in  the  chapter  on  digestion,  an  auxiliary  in  some  of 
the  processes  of  the  digestive  organs. 


'  The  wordi  tzerttian  and  «rer«ti«»,  are  often  apfilied  to  the  tame  thinff.  Eserelioii, 
strictly  ipeakinf ,  should  be  applied  only  to  sometliinf  to  be  thrown  off.  and  not  to  loin^ 
thinjir  formed  to  be  used.  But  sometime*  an  excretion  is  so  formed,  that  it  can  be  mad, 
and  then  the  word  secretion  is  also  applicable  to  it.  Thus  the  bile,  while  it  is  an  ex- 
cretion  containing  noiions  particles  tu  be  thrown  oflT  from  the  system,  is  pat  to  ims 
and  io  it  ia  as  often  called  a  ■eeration  at  an  exeretion. 
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180.  Tlie  skin,  while  it  is  &u  extoDsiva  excreting  organ,  per* 
femis  other  importflnt  offices.  It  serves  aa  a  firm  yet  very 
flexible  and  soft  covering  to  the  body,  protecting  its  int^riial 
parts  from  injury.  It  is  highly  endowed  with  nerves  for  two  pur- 
poses— the  one,  tliat  it  may  act  as  a  sentinel  to  warn  of  danger ; 
and  tiie  other,  that  it  mfty  be  the  seat  of  the  Bense  ofloucb. 
Hiat  you  may  see  how  well  it  is  fitted  nc.  is. 

to  perform  these  various  functions, 
I  will  describe  here  its  structure. 
What  is  very  commonly  spoken  of  aa 
the  skin,  is  not  really  the  skin,  but 
only  a  covering  for  it.  When  the 
skin  is  rubbed  o^  as  it  is  exjiressed, 
it  b  only  this  covering  of  the  skin,  or 
catitle,  which  is  removed.  The  skin 
vfaich  b  raised  by  a  blister  is  this  cu 
tide.  The  great  object  of  tlie  cuticle 
is  to  protect  the  true  skin,  which  is 
▼ery  highly  endowed  with  nenesfor 
the  purposes  mentioned  abote  and 
which  therefore,  if  uncovcrtd  would 
prove  a  source  of  severe  suffenng  \s 
It  is,  tlie  cuticle  protectt  the  skin  eff  c 
tnally,  and  yet  do«s  not  interfere  wuh 
its  functions  as  the  organ  of  the  sense 
of  touch.  It  is  of  so  slight  and  so 
•oft  a  texture,  that  the  nerves  of  touch 
■nay  readily  receive  impressions 
through  it  It  is  composed  as  you 
will  see  in  tbe  next  chapter  of  many 
layers  (^  minute  round  ceils,  the 
oatermost  layers  being  made  up  of 
tbesecelU  broken,  and  emptied  of  the 
fluid  which  they  contained  The 
tme  »kin,  which  Uie  cuticle  coveni,  is 
of  a  fibrous  texture,  with  a  good 
supply  of  both  nerves  and  blood  les 
seb.  On  the  sur&ce  of  this  true  skin 
next  to  the  cuticle  are  eminences  called 
papillEe.  In  these  are  seated  the  ex- 
tremities of  the  nerves  of  touch. 
Big.  S8  representfl  a  highly  magni- 
fied sec^oD  of  a  bit  of  the  skin  fi^m 
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the  solo  of  the  foot ;  a  i»  the  cuticle ;  c  is  the  trae  skin ;  b  k- 
presents  the  papillae.  You  ol>sorve  that  the  deepest  layers  of 
the  cuticle,  next  to  these  papillae,  are  more  colored  than  the 
outer  ones.  The  coloring  matter  of  the  skin  is  situated  here. 
You  observe  also  a  tube  which  runs  up  throup^h  the  cutis  or 
true  skin  and  the  cuticle,  and  in  the  latter  part  of  itJi  course 
has  a  sort  of  cork-screw  arrangement  This  is  the  discharging 
tul>e  of  the  sweat-gland,  d,  lying  within  the  tnie  skin,  and  sur- 
rounded with  globules  of  fat.  These  glands  are  more  numer- 
ous in  some  parts  of  the  skin  than  in  others.  They  are  par- 
ticularly numerous  on  the  palms  of  the  hands,  and  on  the  soles 
of  the  feet  Mr.  E.  Wilson  counted,  with  the  aid  of  the  mi- 
croscope, 3528  of  them  in  a  square  inch  on  the  palm  of  the 
hand.  Reckoning  the  length  of  one  of  these  at  one  quarter  of 
an  inch  it  gives  882  inches  or  13^  foot  of  tubing  in  tliis  small 
space.  He  calculated  the  amount  of  this  tubing  in  the  skin  of 
the  whole  lx)dy  Jis  being  48,600  yards,  or  nearly  28  miles. 
The  amount  of  excretion  from  the  seven  millions  of  these  tubes, 
which  open  on  the  surface  of  the  skin,  is  very  great  ]Many 
experiments  have  been  tried  to  determine  what  the  amount 
is  m  24  hours,  but  approximations  only  to  tlie  truth,  of  course, 
could  be  obtained,  and  the  results  of  the  experiments  have 
differed  much.  AVhile  the  excretion  is  great  in  amount^  it  is 
very  important.  It  is,  as  you  have  seen  in  the  chapter  oil 
Respiration,  a  groat  means  of  regulating  the  temperature  of 
the  body.  It  is  also  the  means  of  discharging  from  the  body 
a  portion  of  its  waste.  This  waste  is  dissolved  in  or  mingled 
with  the  water  or  vapor  of  the  perspiration.  The  perspira- 
tion is  ordinarily  insemsibie,  as  it  is  termed  ;  that  is,  it  is  ih  the 
form  of  vapor.  But  sometimes,  as  in  vigorous  exercise,  when 
the  sweat  glands  are  rendered  very  active,  chiefly  to  prcveiit  too 
great  an  accumulation  of  heat,  the  perspiration  In^comes  sensibie, 
181.  There  is  another  set  of  glands  in  tlie  skin  called 
sebaceous  glands,  which  secrete  an  oily  fluid.  They  have 
also  thin  tubes  like  the  sweat  glandn.  Tliey  are  most 
abundant  where  the  skin  specially  needs  an  oily  lubrica- 
tion, as  where  there  are  folds  in  tlie  skin  or  hairs,  or 
'where  the  skin  is  exposed  to  friction,  or  to  the  drying  atmos- 
phere, lliey  are  very  abundant  on  the  face  and  liead.  The 
amount  of  the  oily  secretion  of  these  glands  is  very  gro-at  in 
the  skin  of  races  fitted  to  inhabit  warm  climates.  Every  hair 
has  sebaceous  glands  connected  with  it,  as  represented  in 
Fig.  59 ;  in  which  b  is  the  hair  emerging  from  the  skin ; 
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a  a  are  tha  sebaceoui  glands  pouriag  their 
secretioD  by  thin  tub^  into  the  tube  or 
eaaal  in  which  the  hur  grows  ;  e  the  root 
<rf  the  b&ir  aurrouuded  with  fat  globules. 
Kom  all  this  you  Bee  that  the  BKin,  with 
its  two  sets  of  glands  and  tubes,  its  nerv- 
ous papiliie,  and  ita  Layers  of  constantly 
renewed  cella,  inakiof;  the  cuticle,  is  a 
complicated  organ,  and  is  thus  fitted  to 
perform  ita  functions  aa  an  organ  of  aen- 
Mtion,  and  at  the  same  time  of  excreUon, 
while  it  is  also  a  pliable  but  firm  cover- 
ing for  the  body. 

162.  You  have  seen  in  the  &cls  de- 
veloped in  this  chnpter,  that  there  is  con- 
stant change  going  on  in  all  parts  of  the 
body.  Particles  which  have  become  use- 
leta  are  taken  up  by  the  abaorbents,  while 
the  foitnalive  vessels  deponit  others  to  take 
their  places.  The  rapidity  with  which 
this  change  oocura,  depends  mostly  upon 
the  activity  of  the  individual.  The  busy 
laborer,  whether  the  labor  be  bodily  or  mentai,  requires  mure 
nouriiihment  than  the  iudolent  man,  becauae  there  b  more 
waste  in  his  case,  from  the  wear  and  tear  occasioned  by  motion 
*  or  thought,  and  there  is  therefore  a  necessity  for  a  larger  sup- 
l^y  of  repairing  material.  The  difiereuce,  it  is  true,  is  not  as 
great  in  regard  to  mental  labor,  as  in  regard  to  that  of  the 
body ;  but  atill  it,is  very  apparent.  This  dependouce  of  the 
amount  of  change  in  tlie  system  upon  the  degree  of  activity  is 
very  manifeat,  if  we  compare  difiereiit  animals  together  in  this 
respect.  I  have  already  contrasted  the  frog  and  the  canary 
l»rd  in  regard  to  respiration  (g  156,}  and  they  can  be  con- 
trasted in  this  reepect  also.  As  the  frog  makes  but  litllo 
exertion  either  of  body  or  mind,  there  is  but  little  change  in  his 
body,  and  but  little  nutriment  is  required  to  supply  the  small 
waste  that  occurs.  But  in  the  ever  actjve  canary  there  ia 
much  waste  from  this  action,  and  therefore  there  must  be  much 
eating  to  supply  the  material  of  repair.  As  he  sings  and  hops 
from  perch  to  perch,  bis  mind  as  well  as  Lis  body  is  vastly 
more  active  than  that  of  tJie  fiug ;  and  so  the  particLea  in  hsi 
brain  and  nerves,  aa  well  as  in  hts  muMiles,  are  oftencr  changed. 
Yon  see  tlie  same  thing  still  more  strikingly,  if  you  contrast 
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the  torpid  state  of  the  bibernnting  animal  in  winter,  with  his 
active  state  in  tlie  warm  weather.  In  his  torpid  state  life  ia 
dormant,  almost  at  a  stand  still,  sometimes  entirely  so.  And 
the  more  perfect  tlie  quiescence,  the  less  is  the  change,  and  Uie 
less,  therefore,  the  need  of  nutrition.  The  fat  which  he  lays 
up  in  the  autumn  (§65)  answers  all  his  necessities  both  for 
nutrition  and  for  heat. 

183.  The  proportion,  thus  seen  to  exist  between  the  amount 
of  change  and  the  degree  of  activity,  is  exempli6ed  in  a  com- 
parison between  different  parts  of  the  body.  In  those  which 
are  most  actively  used  the  change  of  decay  and  repair  is  going 
on  most  constantly.  The  active  muscles  and  nerves  are  con- 
tinually changing  ;  while  the  bones,  wliich  are  only  passive  in- 
struments of  motion  arc  changed  very  slowly.  And  it  is  a  sig- 
nificant fact,  that  in  the  case  of  the  muscles  and  nerves,  the 
waste  particles  are  to  a  large  extent  of  the  entirely  useless  kind 
(§  170),  for  they  are  mostly  absorbed  by  the  veins,  there 
being  in  them  but  few  lymphatics.  That  is,  whenever  we 
think,  or  feel,  or  move,  we  rondcr  entirely  useless  quantities  of 
the  particles  which  make  up  the  structure  of  the  muscular  and 
nervous  systems,  and  these  are  got  rid  of  at  tlie  proper  out- 
lets, while  other  particles  immediately  take  their  places. 

184.  It  is  a  very  prevalent  notion  in  the  community,  that  the 
human  body  changes  throughout  once  in  every  seven  yean. 
But  you  have  seen  that  the  change  is  very  unequal  in  different 
parts  of  the  body,  and  is  dependent  to  a  great  extent  on  cir- 
cumstances. Sometimes  very  rapid  changes  occur.  Thos, 
when  one  has  been  much  reduced  by  sickness,  and  then  on  re- 
covery quickly  regains  his  usual  bulk,  the  body  is  very  exten- 
sively changed  in  a  short  period  of  time.  Ordinarily  the  cir- 
cumstance which  most  influences  the  change  is,  as  you  have 
seen,  the  degree  of  activity  which  exists,  whether  we  look  at 
an  animal  as  a  whole,  or  at  the  tissues  separately. 

18o.  In  this  constant  change  going  on  in  the  body,  life  and 
death  may  be  said  to  be  brought  into  very  near  companioiiship. 
Every  act  of  the  mind,  and  every  movement  of  the  body  brean 
down  some  of  the  structure ;  and  the  particles,  which  are  no 
longer  fitted  to  maintain  the  living  functions,  must  be  taken 
away  as  refuse  dead  matter,  and  new  particles  endowed  with 
vital  affinities  must  take  their  place.  Action,  destruction, 
repair,  are  the  successive  events  which  are  ever  occurring  in 
in  every  part  of  our  frame.  Action  is  followed  by  destructioii, 
and  in  proportion  to  its  intensity ;  and  repair  is  neceasary  to 
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fit  hr  fbither  action.  And  so  through  life  the  nutritive  func- 
tions are  thus  struggling  against  the  tendency  to  decay  and 
death,  till  at  length  at  the  appointed  limit  the  struggle  is  given 
over,  the  "vital  affinities  release  their  hold,  the  common  laws  of 
dead  matter  take  possesMon  of  the  hody,  and  the  soul  passes  to 
a  world  where  decay  and  change  are  unknown. 


CHAPTERIX. 

GSLIrUPS. 


186.  Ih  previous  chapters,  in  treating  of  the  construction  of 
the  body,  I  have  spoken  of  the  formative  vessels  in  accordance 
with  the  common  language  of  physiologists.  The  common 
idea  has  been  hitherto,  that  the  work  of  construction  is  per- 
formed by  vessels  appended  to  the  capillaries.  The  capillaries 
were  considered  as  the  repositories  of  the  blood,  they  receiving 
it  from  the  arteries,  and  holding  it  in  readiness  for  the  use  to 
which  it  is  to  be  put  by  the  formative  vessels.  These  formative 
vessels,  it  was  supposed,  exercised  in  some  way  a  power  of  se- 
lection in  regard  to  the  constituents  of  the  blood,  and  also  a 
power  of  uniting  the  constituents  thus  chosen  into  particular 
forms.  In  this  way  physiologists  accounted  for  the  formation 
of  all  the  different  structures  in  the  body.  What  shape  these 
formative  vessels  had,  or  how  they  were  arranged  no  one  pre- 
tended to  know.  But  of  their  existence  no  one  had  a  donbt^ 
for  there  seemed  to  be  an  absolute  necessity  for  supposing  some 
apparatus  of  vessels  appended  to  the  capillaries  ror  the  per- 
formance of  this  function. 

187.  But  the  microscope  has  of  late  years  revealed  pheno- 
mena which  have  changed  our  ideas  on  this  subject,  and 
which  must  to  some  extent  change  our  modes  of  expression  in 
relation  to  it  also.  It  has  showed  us  agencies  which  differ 
from  those  which  we  had  supposed  to  exist.  The  subject  is  an 
interesting  one,  and  I  propose  in  this  chapter  to  give  you  some 
glimpses  of  this  interior  lire,  as  it  may  be  termed,  of  the  body. 

188.  It  is  found  by  the  aid  of  the  microscope,  that  all  the 
minute  operations  of  the  system  are  performed  by  the  agency 
of  celU,  They  are  not  such  cells  as  I  described  in  §  64  as 
existing  in  the  cellular  tissue,  which  are  mere  interstices,  oooh 
mimioatiiig  together.    But  they  are  bladders  or  aacsi  and  art 
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filled  either  with  a  fluid  alone,  or  with  a  fluid  oontainiiiff  some 

rm  of  solid  substance,  lenned  molecule*.  The  naal  form  a£ 
cell  when  it  first  appears  is  globular  or  spheroidal.  It  it 
seldom,  however,  Men  in  this  forin  ;  lor,  besides  the  change  of 
form  from  the  pressure  of  neighboring  cells,  the  cells  wem- 
selves  oflen  change  into  Tarious  shapes,  as  you  will  Me  ia 
another  part  of  this  chapter. 

189.  Culls  can  be  seen  in  the  blood.  If  the  web  of  the  foot 
of  a  live  frog  bo  placed  under  the  microscope,  you  can  Me 
tliein  sweeping  along  iu  the  blood  vessels,  like  so  many  little 
.  bludders,  varying  their  shape,  according  as  they  press  on  each  • 
other,  or  on  the  side«  of  the  vessel.  This  is  very  well  repro- 
sented  in  Pig.  00,  in  which  a  portion  of  the  web  of  a  frog's  foot 
is  seen  as  magnified  110  diameters.  The  dark  irrwulu  spots 
which  you  see,  as  at  3,3,  are  {Mgment  cells,  wbicn  fpm  tiM 
Wot  to  the  part. 


CAPILLARIES 


100.  Cells  may  be  seen  in  most  of  the  fluids  besides  tbs 
blood,  and  alto  in  tbe  solids.     Hie  solid  parU  of  animal  bodiea, 
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are  oompoeed  either  of  cells,  or  of  structures  produced  by  cells, 
or  of  a  mixture  of  these  structures  with  cells.  The  same  can 
be  said  ako  of  plants.  Cells,  therefore,  are  the  real  form2Uiv4 
▼easels  in  both  classes  of  organized  beings. 

191.  We  have  very  striking  exhibitions  of  the 
cells  in  the  lower  orders  of  animals.  The  Hydra, 
a  representation  of  which  is  given  in  Fig.  1, 
seems  to  be  made  up  of  little  else  than  cells. 
If  you  observe  under  tlie  microscope  one  of  its 
arms,  as  it  moves  about,  the  motion  appears  to 
be  a  motion  of  the  cells  upon  each  other. 
There  are  no  fibres  to  be  seen,  to  which  the  mo- 
tion can  be  attributed.  Fig.  61  represents  one  of 
these  arms  highly  magnified.  The  cells,  as  you 
see,  have  somewhat  of  a  spiral  arrangement. 

192.  The  character  of  many  of  the  tissues 
in  the  body  depends  on  the  contents  of  the 
cells.  The  cell  itself^  or  the  cell-wall,  as  it  is 
termed,  is  considered  to  bo  always  the  same. 
But  the  contents  vary,  and  this  variation  makes 
generally  the  variation  in  the  character,  and  in 
the  color  also,  of  the  various  textures.  For  ex- 
ample, all  the  glands  are  constructed  essentially 
on  the  same  plan ;  and  their  difference  depends 
upon  the  contents  of  the  cells  in  them.  Thus 
tlie  liver  differs  from  the  tear-gland,  chiefly  be- 
cause the  former  has  cells  which  fill  themselves 
from  the  blood  with  the  components  of  bile,  while 
the  other  has  cells  which  fill  themselves  with  the  componenti 
of  the  tears.  The  color  of  various  parts,  as  the  iris  of  the  eye, 
the  skin  of  the  dark-colored,  the  hair,  dec,  depends  u{^n  a 
coloring  matter,  which  constitutes  either  a  part  or  the  whole  of 
the  contents  of  particular  cells.  So  in  plants  the  various  colors 
displayed  result  from  the  various  coloring  matters  which  cer- 
tain cells  .contain.  Some  contain  yellow  coloring  matter,  others 
red,  dec  When  various  colors  appear  together  in  any  flower, 
there  are,  where  the  colors  bound  upon  each  other,  cells  lying 
side  by  side  which  contain  different  coloring  matters.  And  in 
the  shading  off  of  the  colors,  the  effect  is  produced  wholly  by 
the  variation  in  the  quantities  of  the  coloring  matter  in  the  cells. 

193.  It  is  dear  from  the  fiEU^ts  which  have  been  stated,  that 
the  cells  have  a  selecting  power.  In  the  body  they  take  from 
the  oommon  pabulum  or  material,  the  blood,  such  constituents 
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or  substances  as  they  need  for  their  particular  purpoaes.  I 
have  already  given  illustrations  of  this^  in  speaking  of  th^ 
difference  in  the  glands.  This  selecting  power  is  seen-  in  the 
cells  everywhere.  Every  cell  contains  its  own  peeuKar  consti- 
tuents, which  it  has  taken  from  the  blood.  For  example,  tbcro 
are  fat-cells  which  receive  fatty  matter  from  the  blood,  rejecdng 
every  thing  else ;  pigmentary  cells  receiving  nothing  but  color- 
ing matter  from  the  blood,  ice.  The  same  thing  appears  too 
in  plants.  Jhere  are  cells  which  receive  from  the  sap  Yolatile 
oil ;  otliers,  fixed  oil ;  others,  starch ;  others,  coloring  matter, 
&c. 

194.  Fluids,  and  sometimes  gases  enter  the  cells  continually. 
The  pores  through  which  they  enter  are  not  visible  even 
through  the  microscope,  but  of  course  such  pores  must  ent 
Their  entrance  is  controlled  by  the  selecting  power  to  which  I 
have  alluded. 

195.  This  selecting  absorption  thus  performed  by  cells,  as 
revealed  by  the  microscope,  is  one  of  the  most  wonderful  and 
mysterious  phenomena  in  the  material  world.  There  is  hero 
a  power  in  these  cells  which  is  unaccountable.  The  selection 
is  made  by  the  little  cell  as  unerringly,  as  if  its  pores  were  con- 
trolled by  an  intelligence  residing  there.  It  has  been  said  that 
this  selection  is  a  mere  result  of  affinity  ;  that  a  certain  affinity 
exists  between  the  contents  of  the  cell,  or  the  cell  itself^  for  tm 
constituents  whicli  are  absorbed.  But  if  it  be  so,  the  mysteiy 
comes  no  nearer  to  being  solved  than  before.  For  how  are 
these  affinities,  so  numerous  and  various,  established,  and  what 
are  the  principles  by  which  they  are  governed  ?  In  eiUier 
case  the  wisdom  and  power  of  the  Creator  may  be  considered 
as  making,  in  this  minute  interior  life  of  all  organised  snb* 
stanoes,  some  of  their  most  wonderful. manifestations. 

196.  There  is  not  only  a  selecting  power  in  the  cell,  bnt  there 
is  often  a  converting  power,  by  which  new  compounds  are 
formed  .from  the  constituents  introduced  into  it  The  cell  in 
this  case,  though  so  small  as  to  be  seen  only  by  a  microscope 
of  considerable  power,  is  a  real  laboratory,  effecting  chemical 
changes  in  its  contents.  There  can  often  be  seen  quite  a  brisk 
movement  in  the  molecules  in  the  cell  while  these  changes  are 
going  on. 

197.  Some  cells  produce  other  cells.  This  is  the  sole  office 
of  some  of  them.  In  some  cases  new  cells  are  made  by  a 
separation  of  a  cell  into  two  or  more.  A  sort  of  hourfflaaa 
contraction  takee  place  at  the  middle,  by  an  inflection  or  fold- 
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dig  in  of  the  inner  oell-wall,  for  the  cell  has  two  walls.  At  the 
lame  time  the  cell  becomes  elongated.  An  entire  separation 
mto  two  cells  is  thus^  after  a  litUe  time,  effected ;  and  then  each 
of  these  cells  becomes  two  more,  and  so  on.  In  other  cases 
cells  are  formed  within  cells.  When  this  takes  place,  the 
nucleus,  that  is  an  aggregation  or  mass*  of  solid  matter  in  the 
cell,  separates  into  two  different  parts,  each  of  which  has  a  cell 
fiormed  around  it. 

108.  Cells,  as  you  &ave  already  seen,  do  not  all  perform  the 
same  office,  but  there  are  cells  for  a  great  variety  of  purposes. 
A  consideration  of  these  will  develope  to  you  still  greater  won- 
ders in  the  cell-life,  and  show  you  in  the  most  interesting  man- 
ner how  great  the  Creator  is  in  the  minute  operations  of  nature, 
as  well  as  in  those  which  are  large  and  obvious  to  the  naked 
eye. 

199.  There  are  different  kinds  of  cells.in  the  blood.  There 
are  colored  and  colorless  ones.  The  office  of  the  colorless  ones 
has  not  yet  been  satisfactorily  determined.  But  we  know  more 
about  the  colored  ones.  These  give  the  red  color  to  the  blood. 
They  are  not  red  when  looked  at  singly,  but  are  of  a  yellow 
cast ;  and  the  red  color  appears  only  when  several  are  together. 
One  office  of  these  colored  c^ll^  is  to  carry  oxygen  to  all  parts 
of  the  system,  and  return  the  carbonic  acid  to  the  lungs  to  be 
thrown  off.  By  carrying  these  cargoes  back  and  forth  in  the 
circulation,  these  little  celb  perform  a  very  important  office. 
A  very  valuable  part  of  the  cargo  of  these  cells  is  iron.  In  low 
states  of  the  system,  when  the  red  cells  are  deficient,  the  ad- 
ministration of  iron  in  some  form  is  often  found  to  be  veiy 
effectual,  in  connection  with  a  eood  diet,  in  remedying  the  den- 
ciency.  The  proportion  of  uese  red  cells  varies  much  in 
different  animals.  It  is  largest  in  those  which  are  the  most 
active,  and  which,  therefore,  as  you  saw  in  the  chapter  on 
Respiration,  consume  the.  largest  quantity  of  oxygen.  The 
proportion  is  greater  generally  in  birds  than  in  the  mammalia, 
and  it  is  much  greater  in  the  latter  than  in  reptiles  or  fishes. 
In  man  it  varies  much  in  different  individuals.  These  cells 
are  abundant  in  the  ruddy,  strong,  and  active ;  while  it  is  other- 
wise in  the  inactive,  pale,  and  feeble. 

200.  There  are  cells  for  absorption,  and  cells  for  secretion 

*  To  the  eominoD  ear  the  word  «m«,  which  it  ordiiuuily  otcd  in  relmtion  to  •m^ntm 
ti  •omo  tiae,  nemt  oat  of  place  when  applied  to  a  collection  of  molecnles  which  m  ao 
MMll,  that  it  r  >  oely  be  leen  bj  a  mienwoope  of  high  power ;  hot  though  m  mall,  It  ii 
t»d»lillia««.     jmaiBingita 
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and  excretion.  Of  these  I  will  give  some  examples.  I  havo 
said  in  the  chapter  on  Digestion,  that  the  vessels  called  lacteali 
aheorb  chyle  from  the  contents  of  the  intestine.  It  was  formerly 
supposed  that  they  did  this  through  their  open  mouths  on  the 
surface  of  the  mucous  membrane.  But  the  microscope  has 
shown  that  this  is  not  so.  The  absorption  is  accomplished  by 
cells,  which  are  developed  for  this  pifrpose  at  the  extremities 
of  the  lacteals.  They  take  up  the  chyle  and  discharge  it  into 
the  lacteals,  and  they  are  dissolved,  away  in  the  very  act  of 
emptying  themselves.  A  new  crop  therefore  of  cells  appean 
every  time  the  process  of  absorption  is  to  be  performed.  And, 
what  is  still  more  curious,  every  time  that  absorption  is  to  take 
place,  4here  is  cast  of^  as  a  preparatory  step,  a  sort  of  pavement 
of  cells  from  over  every  point  m  the  mucous  membrane  where 
there  is  an  extremity  of  a  lacteal.  The  absorbing  cells  are 
thas  uncovered,  so  that  they  can  perform  their  duty.  All  this 
can  be  made  clear  by  the  following  diagram.  I  mast  premise 
that  the  surface  of  the  mucous  membrane  of  the  intestine  is  not 
a  perfectly  smooth  surface,  but  examined  by  a  microscope  it  is 
seen  to  be  covered  with  eminences  and  depressions.  Absorp- 
tion takes  place  on  the  eminences,  while  the  depressions  are 
the  seats  of  secretion.     In  the  diagram,  Fig.  62,  you  have  a 
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DIAGRAM  SHOWING  ABSORPTION  IN  A  MUCOUS  MEMBRAVK. 

representation  of  the  arrangement  of  one  of  ^he  eminences 
highly  magnified.  A,  represents  it  as  it  is  in  the  intcrvab 
of  digestion  when  absorption  is  not  going  on,  and  B  as  k  is 
during  absorption  ;  a  a  are  the  absorbent  vessels  or  lacteals ; 
6  6  basement  membrane,  as  it  is  termed,  an  exceedingly  thin 
membrane  acting  as  a  basement  to  the  pavement  cells  c  c  ;  d  d^ 
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the  absorbing  cells.  When  absorption  is  not  going  on,  the 
prominence  is  somewhat  shrunken,  and  the  pavement  cells 
cover  it  There  are  some  granules  or  small  grains,  cf,  in  A, 
which  are,  it  is  supposed,  the  germs  of  the  absorbing  cells, 
which  jou  see  developed  in  B.  When  absorption  is  taking 
place,  the  jpromidence  is  swelled  out  as  represented,  the  lacteal 
vessels  are  fiill,  and  the  absorbing  cells  appear  at  their  ex- 
tremiUes,  while  the  pavement  cells  have  been  thrown  off,  so 
that  the  chjle  may  have  free  access  to  the  absorbing  cells 
through  the  pores  or  interstices  of  the  basement  membrane. 

201.  While  absorption   thus  goes  on    in   the  eminences, 
secretion  takes  place  in  the  depressions.    The  diagram,  Fig.  63, 
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DIAGRAM  SHOWING  SECRETION  IN  A  MUCOUS  MEMBRANE. 

represents  one  of  these  depressions,  or  follicles,  as  they  are 
termed,  in  two  opposite  states,  when  secreting,  and  when  not 
secreting.  In  A,  secretion  is  not  going  on,  and  the  cells  e,  in 
the  follicle  remain  quiet.  In  B,  on  the  other  hand,  secretion 
is  taking  place,  and  it  is  done  by  the  casting  off  of  cells,  as 
represented.  These  cells  discharge  their  fluid  contents  into 
the  canty  of  the  intestine,  and  disappear,  while  other  cells  take 
their  places.  These  follicles  are  reallylittle  glands.  And  the 
various  glands,  the  salivary  glands,  the  liver,  the  pancreas,  <kc., 
are  made  up  essentially  of  such  follicles  arranged  in  different 
ways.  You  see,  therefore,  in  this  diagram,  the  manner  in 
which  secretion  is  effected  everywhere.  The  secreted  matter 
is  received  by  the  absorbing  cells,  through  the  interstices  of  the 
basement  membrane,  from  the  blood  in  the  capillaries  which  lie 
under  this  membrane. 

202.  The  pavement  cells,  of  which  I  have  spoken,  cover 
every  part  of  the  mucous  coat  or  membrane,  and  answer  as  m 
protection  to  it.  There  is  a  similar  arrangement  over  the 
whole  outer  surface  of  the  body.    Next  to  tho  true  skin  is  • 
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buement  membrane,  aod  upon  these,  as  in  the  owe  of  tho 
mucous  coat  of  tbe  alimeatary  canal,  lie  pavement  cells.  That 
cells,  constituting  the  cuticle  or  scarf-okiii,  are  much  more 
numerous  than  in  the  alimentary  canal.  There  are  manj 
layers  of  them.  The  outer  cells  drybj  eiposurc  to  the  air, 
and  become  scales.  As  these  are  nibbed  ofil  the  cells  below 
take  their  places  ;  and  there  is  a  constant  supply  of  fresh  oella 
from  the  basement  menibraoe. 

203.  There  are  some  cells  which  are  devoted  entirely  to  th« 
production  of  tootion,  for  an  ordinary  muscle  is  composed  of 
great  numbers  of  cliniiis  of  cells  included  in  sheaths  bound  to- 

f  ether.  A  muscle  appears  to  the  naked  eye  to  be  made  up  of 
bres.  Each  one  of  lliese  fibres  is  found  by  the  misoroscope  to 
bo  composed  of  from  GOO  to  600  fbrilla,  or  minute  fibres. 
And  each  of  these  fibriJIie  is  a  aeries  or  chain  of  cells.  In  fig. 
64,  d,  is  represented   a  fibre  as  seen  under  the  mivroeoope, 


showing  the  fibrilln  of  which  it  is  com- 
posed. They  are  separated  at  tho  broken 
end  by  tlie  liolenco  in  tearing  the  fibre. 
In  b,  you  see  one  of  the  fibrillie  very  highly 
magnified,  Hhowing  that  it  is  a  chain  of 
cells.  In  tlic  diajrram,  Fig.  65,  is  repre- 
sented the  condition  of  a  fibrilla  in  the 
two  Btuti^B  of  contraction  and  relaxation. 
In  a  it  is  relaxed.  lu  b  it  is  contracUd, 
tho  cells  being  shortened,  and  at  the  same 
time  widened.  And  as  all  the  cells  in  the 
mu!cle  are  thus  widened  when  the  muscle 
contracts,  we  see  the  cause  of  Uie  well 
known  swelling  out  of  muHcies  when  they 
are  in  action.  Tlist  you  may  form  some 
idea  of  tlie  size  of  tiicse  cells  in  muscles,  I 
will  state  tliat  in  the  space  of  the  square 
of  a  tenth  part  of  an  inch,  thus  there    muscitlab  fifbil; 

are  orar  100,000  of  theoe  cells.  ^  When  ■  nn  i  n  mmi. 


m  Imige  miucle  contracts  what  an  umnmerable  mnltitade  of 
thew  ccll»  ara  Kt  id  action  1 

204.  There  are  cells  whoM  office  it  is  to  maka  oertun  solid 
deposits.  Hoofs,  horns,  nails,  and  teeth  are  made  in  this  way* 
Even  the  hard  enamel  of  the  l^eth'is  coostructed  by  celb. 
They  deposit  it  in  the  form  of  prismH  of  hexagonal  shape  n 
seen  in  Fig.  S8,  which  represents  a  vertical  section  of  enamel 
as  seen  under  the  microscope.  Theirshapeis  more  plainly  seen 
in  A,  Fig.  67,  which  represents  a  transverse  section  of  enameL 
The  line  of  these  prisms  is  generally  wavy,  but  they  are  for  the 
most  part  parallel  to  eaoh  other.  At  B  are  some  of  these  piisina 
separated.  They  are  more  magnified  here  than  in  Fig.  66. 
na«. 


SOff.  Ferh^  the  most  wonderful  exhibitions  of  the  flincbou 
of  the  oeD  are  preeented  to  us  in  Qie  nerrous  system.  The 
nervee  are  bundlee  of  tubes  of  exceeding  fineness.  Thc^  vair 
fi'oiQ  T^r*^  to  la.iuth  of  an  inch  in  diameter.  Now,  eoon 
of  tbeae  Uttle  tubes,  or  tnbuli,  as  th^  are  called,  was  once  a 
duin  of  eellt.    The  oeDs  in  nch  chain  or  raw,  as  the  mioroa- 
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Nam  «iii|i«>d  <,(  ulw  mttt  Ihw  nJli.     Oilli  >■  tki  fi>j  •aMua  if  A*  InlL 

cope  has  shown,  gradually  becamo  incorporated  togethtf  to  b*> 

como  a  tube,  nnd  in  tliis  tube  is  contaioed  the  true  t 

matter.     And  it  is  supposed  that  each  of  these  tubnli  p 

itaelf  separate  and  distinct,  from  ita  origin  in  the  brain,  or  w 

other  of  the  central  origans  of  tLe  nervous  Bvst«ni,  to  ita  ter- 

ininntion  in  some  fibre,  or  on  some  surface.     For  no  oomrauni- 

cations  between  (lie  tubuJi  have  ever  been  fbnnd  by  any  inicro*- 

copist.     The  raanner  in  which  tlieeo  tubuli  are  made  &om  oeUa 

may  be  illustrated  by  the  diagram 

in  Fig,  68,  in  which  the  steps  by  no. » 

which  the  row  of  cells  A  becomes         A  B 

the  tube  B  are  represented. 

206.  It  is  these  lubuli,  thus 
formed  from  cells,  thnt  constjtute 
the  means  of  nervons  communica- 
tion between  all  parts  of  the  lys- 
t«ro.  Thus,  when  a  miuclo  con- 
tracts  in   obedience    lo    the    will,  . 

an  impression  is  conveyed  through  thow  tubuli  that  connect  th« 
bnun  with  the  fibres  of  the  muscle,  or  rather  with  the  cells  of 
which  these  tibru  are  composed.  These  tubuli  exist  in  all  the 
nerves,  and  in  the  whito  parts  of  the  brain  and  Bpinal  marrow. 
Tliey  transmit,  but  they  liava  nothing  lo  do  witn  originating 
what  is  trail  !!m  it  ted.  Thin  is  done  by  nnothcr  part  of  the  nerrooi 
system,  the  reddish  gray  subetanco,  which  is  neen  in  the  brain 
and  spinal  msrrow,  ua  entirely  distinct  from  the  white  portion. 
This  gray  substance,  in  which  all  nerve  force,  as  it  is  termed,  is 
produced,  is  made  up  cbii'fly  of  cells.  Tliese  cells,  which  bave 
a  nucleus  or  central  particle,  nre  originally  globular,  but  many 
of  them  assume  various  sliapen,  and  oflen  shoot  out  branohea. 
Some  of  the  shapes  are  very  fiintustic  as  represented  in  Fig.  69. 
Thfse  are  magnified  200  dmmrters. 

207.  In  the  views  which  I  have  given  of  cell-life,  I  have  not 
attempted  to  describe  all  the  phenomena  wbicli  have  been  dia- 
covered,  hut  only  enough  of  tliem  to  give  the  student  a  general 
view  of  this  interior  unseen  life,  tliat  is  at  work  so  busily  at 
every  point  of  every  living  substance.  The  cell,  yon  have  seen, 
performs  a  great  variety  of  functions.  It  is  the  agent  by  which 
all  vital  operations  are  carried  on.  The  very  beginning  of  life, 
so  far  as  wc  can  see,  is  in  the  cell  which  the  microscope  reveala 
to  us.  Its  first  manifestation  is  here.  We  can  suppose  a  germ 
aa  the  origin  of  a  cell,  but  we  do  not  see  it  if  it  exist. 

SOS.  All  animat«d  nature  is  built  up  by  cells.     The  fint 
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tbiB  single  cell  is  the  parent  of  &U  the  cells  which  build  up  the 
whole  structure,  whatever  it  be.  It  is  bj  theae  cells  thus  pro- 
duced, that  all  plants  and  animals  are  constructed.  "  A  globu- 
lar mass,"  says  Carpenter,  "  contiuning  a  large  number  <k  cells 
is  formed  before  any  diversity  of  parte  shows  itself;  and  it  is 
by  the  subsequent  development,  from  this  mass,  ^  different 
sets  of  cells,  of  which  some  are  changed  into  cartilage,  others 
into  nerve,  other*  into  muscle,  others  into  vessels,  and  so  on, 
that  the  several  parte  of  the  body  are  ultimately  formed.  Of 
the  cause  of  these  transformations,  and  of  the  regularly  with 
which  they  take  place  in  the  different  parts,  according  to  the 
type  or  plan  upon  which  the  animal  is  constructed,  we  are  eu- 
tirely  in  llie  dark ;  and  we  may  probably  never  know  muob 
more  than  we  do  at  present." 

209.  A  beautiful  exemplification  of  what  has  just  been  stated 
it  teen  in  the  development  of  the  animal  io  the  interior  of  an 
egg,  and  partioalarly  in  the  egg  of  the  bird  tribe.     By  an  ex 
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AmniaiaHU  oTIIh  pwu  oTUh  *■(.. 

aminadon  of  difiercnl  eg^  at  difTurent  Bta^^a  of  the  proceM  of 
batching,  the  various  stcpn  in  tbe  duvolopuent  of  iLe  animal 
tiave  been  observed  and  noted.  It  is  a  seriK  of  moflt  wonderfbl 
processes,  that  go  on  concealed  from  our  view  b;  tbat  sym- 
metrical incloauro  of  lime.  Of  these  I  niil  present  the  general 
outlines.  In  tho  middle  of  the  egg  is  the  y  el  Ion  yolk,  com- 
poeed  of  albumen  and  oil  globulus.  It  is  surrounded  by  an  «i- 
oeedingly  tiiin  sac,  whiuli  tteops  it  Heparatc  from  the  albumen, 
the  whitt  of  the  egg  that  envelopes  it.     The  yolk,  b,  fig.  70,  ii 


lighter  than  the  wAtVr,  and  it  tliorcforc  ulwap  seeks  the  higbert 
point  in  th<!  egg.     But  thcru  ih  a  particular  contrivance  which 

{rerents  it  from  actually  touching  tlic  iih(-tl.  It  is  held  down 
y  two  very  delicate  ligameuta  c/,  connecting  it  with  the  whita 
lining  of  1^  shell.  And  you  will  observe,  too,  that  the  etc*- 
tricnlo,  or  germ-spot,  a,  which  is  a  colleclion  of  cells  beginning 
the  process  which  is  lo  form  the  animal,  being  lighter  than  the 
yolk  is  always  at  the  top  of  it,  in  order  lo  receive  the  warmth 
from  the  body  of  the  bird  as  it  sets  upon  its  eggs.  Beddea  all 
this,  there  is  at  the  blunt  ond  of  the  egg,  /,  a  bubble  of  air 
which  is  intended  as  an  invigorating  draught  for  the  lunga 
of  the  young  bird,  preparatory  to  its  bursting  its  shell. 

210.  When  tlie  processes  preparatory  to  the  formation  of  tha 
animal  oommeDce,  the  yolk  itself  is  composed  in  part  of  c«IIb, 
at  represented  in  Fig.  71,  A.  In  the  midst  of  it  there  ia  a 
germmal  spot,  a,  with  a  vesicle  in  it,  6.    Thia  veaicle  pioduoM 


go  «rcalk  In  tk*  folk  brfbi*  On  u 
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.  a  cluster  of  oells.  But  these  cells,  uid  those  which  in  part 
compose  the  jolk  nre  leraporary,  and  all  dbappear.  Before, 
however,  the  cluster  of  cells  in  the  germinal  spot  disappear, 
there  are  seen  in  the  midst  of  them  two  twin  cells.  These 
multiply  ;  and  what  is  singular,  tfaey  do  it  by  doubling,  so  that 
there  are  successively  4,  8,  16,  82,  &a.  At  length  llere  it  a 
mass  of  them,  like  a  mulbcrrr,  as  at  r,  in  B.  IHiis  mass  then 
sends  off  cells  at  its  edges  which  makes  a  layer,^  all  round 
the  jolk  ■■  represented  in  C.  A  second  layer,  ff,  la  formed 
iDside  of  the  first  as  seen  in  D.  In  the  case  of  the  higher 
animab  a  third  layer  is  added. 

21 1.  There  is  no  formation  of  the  animal  yeL  But  now  a 
single  large  cell  appears  in  the  centre  of  the  mulbeny-shaped 
mass  of  cells,  and  from  this  b^ns  the  fiMmalJon  of  the  animal. 
All  the  other  parts  of  the  e^; — the  cells,  the  yolk,  the  white- 
are  tribaiary  to  the  action  which  proceeds  from  this  cell. 
Within  its  wall  is  a  ring-like  nucleus.  This  takes  the  shape  of 
a  pear,  and  then  it  is  afterward  very  much  like  a  violin. 
From  this  nucleus  are  produced  cells  which  form  all  the 
various  parts  of  the  animal,  the  heart,  lungs,  stomach,  brun, 
limbs,  &c  And  these  are  made  out  of  the  yolk  and  the  white 
of  the  egg. 
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212.  There  is  one  contrivance  made  iise  of  during  this  de- 
velopment of  the  animal,  which  must  not  pass  unnoticed.  A 
verj  delicate  bag,  called  the  allantoU,  w  formed,  which  is  attach- 
ed to  the  embryo,  and  at  length  almost  envelopes  it  The  office 
of  thb  is  to  expose  tlie  blood  of  the  embryo  to  the  air.  This  is 
accomplished  through  the  pores  of  the  shell,  against  which  the 
allautois  with  its  minute  blood-vessels  presses.  This  organ  is 
in  fact  the  temporary  breathing  apparatus  of  the  developing 
animal.  The  development  can  be  arrested  by  smearing  over 
the  egg  with  some  substance  that  will  prevent  the  entrance  of 
air  through  the  shell.  When  the  animal  is  fully  developed, 
and  is  ready  to  come  forth  from  his  prison,  he  inhales  the  air 
provided  for  him,  as  before  described,  and  with  the  strength 
given  to  him  by  the  stimulus  of  the  air  in  his  lungs,  he  bursts 
die  crust  of  lime  tliat  incloses  him. 

213.  I  have  described  these  processes  which  take  place  in 
the  egg,  in  order  that  you  may  see  the  mysterious  connection 
between  the  sin)ple  cells  that  form  in  the  be^pnning,  and  the 
full  development  of  the  complete  and  diversified  organization. 
In  the  formation  of  all  animals,  and  we  may  say  plants  also, 
there  is  a  similar  connection,  varied  of  course  according  to  the 
circumstances  of  each  case.  As  we  observe  the  various  steps 
of  the  process,  the  mind  is  filled  with  wonder.  As  we  look  at 
the  egg,  containing  nothing  but  a  volk  surrounded  by  albumen, 
with  its  little  cell  of  air  at  the  end,  and  see  it  wholly  separated 
from  every  livirg  organization,  shut  up  entin^ly  by  itself  in  a 
wall  of  lime,  we  can  hardly  believe  that  the  mere  application 
of  heat  will  car.se  in  the  contents  a  series  of  processes,  which 
will  result  in  an  animal  so  complete,  that  it  can  burst  its  own 
prison  walls,  and,  as  is  the  case  with  some  of  the  tribe,  at  once 
walk  forth  into  the  open  air.  The  processes  by  which  all  this 
is  effected  have  been  narrowly  watched  by  the  eager  eye  of 
scientific  inquiry ;  but  the  mystery  remains  unsolved,  and  pro- 
bably to  man  it  will  always  remain  so. 

214.  From  the  views  which  I  have  presented  in  this  chapter 
it  is  mlinifest,  that  the  grand  distinction  between  organized  and 
unorganized  substances  is  to  be  found  in  this  cell-life  of  the 
organized.  In  unorganized  substances  particles  or  molecules 
are  the  only  things  which  we  know  of  as  being  concerned  in 
their  formation.  But  in  the  construction  of  oiganized  sub- 
stances or  beings,  every  thing  is  done  by  the  agency  of  cells. 
And  in  this  cell-life  of  the  living  world  we  have  another  beauti- 
ful example  of  the  divers  and  almost  numberless  results,  which 
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the  Creator  vrorks  out  by  simple  and  single  means.  As  gravi* 
tation  holds  atoms  together  in  masses  of  every  size  from  the 
minutest  to  the  largest,  and  keeps  the  mighty  orbs  in  their 
i^pointed  circuits,  so  the  cell-organization  constructs  and  moves 
all  living  things,  however  small,  however  large,  and  however 
diversified. 

215.  As  we  examine  the  various  workings  of  this  cell -life,  wi 
can  not  but  perceive  the  truth  of  the  old  adage,  I^atura  in 
minimis  tfUtxima  est — ^nature  is  greatest  in  its  smallest  thinn. 
The  power  of  mere  bulk  or  mere  force  we  can  comprehend  by 
mental  addition,  however  great  that  power  may  be.  We  can 
imagine  a  power  which  we  see,  to  be  indefinitely  multiplied, 
and  thus  can  form  the  idea,  of  immense  power.  But  when 
with  the  microscope  we  see  minute  cells  working  out  such 
results  sh  we  have  contemplated  in  this  chapter,  and  inquire 
how  it  is  done,  we  see  that  there  is  a  hidden  power  here  that 
utterly  defies  our  conception.  The  mechanics  and  the  chemis- 
try of  the  cell,  who  can  understand  them  ?  From  the  inscruta- 
ble movements  of  this  hidden  power,  at  work  wherever  lif^is, 
in  the  cells,  its  laboratories,  we  get  a  higher  idea  of  Omi^o- 
tence  than  we  can  get  from  the  grandest  and  most  terrific  ex- 
hibitions of  mere  force.  We  get  from  them  the  idea  of  an  all- 
pervading,  as  well  as  an  all- wise  power,  working  not  merely  in 
every  locality,  but  at  every  point  of  the  universe.  And  the 
revelations'  which  the  microscope  makes  to  us  seem  to  draw  us 
very  near  to  the  Infinite.  As  we  gaze  with  wonder  and  delight 
at  the  secret  operations  of  his  power  thus  opened  to  us,  we  seem 
almost  to  be  admitted  to  his  presence ;  and  even  our  awakened 
curiosity,  amid  the  wonders  now  brought  into  our  field  of  vision, 
does  not  suffice  to  remove  the  awe  which  almost  oppresses  us. 

216.  How  great  is  the  inner  beauty  of  tlie  living  world 
around  us !  We  admire  the  symmetrical  forms,  and  the  beau- 
tiful colors  which  nature  presents  to  us  in  such  variety;  but 
there  is  an  inner  world  of  beauties  throughout  nature,  still  more 
perfect  and  resplendent,  which  is  hidden  from  the  naked  eye 
of  man,  though  it  is  all  open  to  the  Omniscient.  If  you  would 
get  some  idea  of  the  beauty  of  this  inner  world,  take  the  most 
delicately  beautiful  of  all  the  specimens  of  man's  workmanship, 
and  examine  it  with  a  microscope ;  and  then  compare  it  with 
some  living  texture  or  coloring.  Compare  in  this  way,  for 
example,  the  most  perfect  painting  of  a  flower  with  the  flower 
itself.  The  painting  loses  all  its  beauty  as  it  is  magnified ;  but 
in  the  bosom  of  the  flower  the  microscope  developes  to  you 
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beauties  far  transcending  those  which  are  seen  by  the  oiiasdsted 
eye.  Even  such  living  structures  as  are  unattractive  to  the 
naked  eye,  present  under  the  microscope  wonderful  beauty  in 
the  delicate  lines  of  their  textures.  It  is  true  of  eveiy  one  who 
has  used  this  instrument  in  his  observation  of  nature,  that  he  ii 
impressed  with  the  fact,  that  great  as  is  the  beauty  of  uature^ 
as  we  look  out  upon  it,  it  is  vastly  inferior  both  in  kind  and  in 
amount  to  that  inner  beauty  seen  so  completely  by  the  all- 
seeing  Eye,  and  now  developed  to  us  in  part  by  the  skill  and 
ingenuity  of  man.  And  it  suggests  to  us  the  hope,  that  in  a 
new  state  of  being,  and  with  higher  faculties,  we  snail  be  able 
to  look  £strther  into  these  inner  beauties  of  the  universe,  than 
we  now  can  with  all  the  aids  w]iich  our  ingenuity  can  defisa. 
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CHAPTER  X. 

THE  NERVOUS  SYSIE3L 


217.  Thus  fiu*  we  have  contemplated  man  merely  as  a  struo- 
tare.  We  have  observed  the  means  by  which  the  body  is 
built  and  is  kept  in  repair.  We  have  seen  that  in  regard  to 
these  functions  of  nutrition,  man  and  all  animals  have  much  in 
common  with  plants.  So  far  as  these  functions  are  concerned, 
they  vary  from  plants  only  in  the  modes  by  which  the  nutrition 
is  effected.  The  difference  in  this  respect  is  not  an  essential 
one.  The  absorbents  in  the  root  of  the  plant  do  for  the  plant 
what  the  laoteals  in  the  digestive  organs  do  for  the  animal^ 
the  difference  between  them  being  only  according  to  the 
differing  circumstances.  So  also,  circulation  and  formation  are 
in  all  essential  points  the  same  in  these  two  different  depart- 
ments of  animated  nature.  The  microscope  has  in  the  most 
striking  manner  shown  this  to  be  true  of  formation,  for  vegeta- 
bles and  animals  are  alike  constructed,  as  you  have  seen,  by 
cells. 

218.  The  functions  of  which  I  have  treated  in  the  previous 
chapters,  as  being  common  to  plants  and  animals,  are  called  the 
functions  of  organic  life,  because  they  concern  merely  the  struc- 
ture, the  organumtion.  But  there  are  other  functions.  The 
body,  with  all  its  complicated  partsj  is  constructed  and  kept  in 
repair  for  certain  xues.  These  uses  are  secured  hj  the  nervous 
system, — a  system,  which  I  have  spoken  of  in  §  32,  as  being 
superadded  to  what  the  animal  has  in  common  with  the  plant, 
and  which,  therefore,  constitutes  the  essential  difference  between 
the  animal  and  the  plant  This  system  furnishes  the  means 
of  the  relations  of  the  animal  to  the  world  around  him.  He 
nceifea  his  impreanoDS  bom.  external  things   through  this 
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BjBtem ;  and  through  it  he  acts  upon  external  tfahiga.  He 
feels  through  the  nerves,  and  by  the  nerves  excites  those 
motions  by  which  he  acts  on  both  material  and  immaterial 
existences.  The  functions,  therefore,  which  are  perfbnned 
through  this  system,  are  called  functions  of  a$dmal  life,  in  dia- 
tinction  from  the  functions  of  organic  life,  which  are  common 
to  vegetables  and  anhnals.  They  are  sometimes  also  called 
functions  of  relation,  in  view  of  the  relations  ^ich  it  estab- 
lishes between  sentient  and  moving  beings,  and  all  external 
things. 

219.  But  there  are  intermediate  instruments,  through  which 
the  nervous  system  exercises  its  functions.  The  nerves  do  not 
themselves  naove,  but  they  excite  motion  in  muscles,  and  these 
move  bones  and  other  parts.  Neither  is  sensation  performed 
by  the  nerves  alone.  The  different  senses,  for  example,  have 
different  oi^ans,  with  arrangements  differing  according  to  the 
kind  of  sensation.  Mere  nerves  do  not  alone  see,  or  near,  or 
taste,  or  smell,  or  touch.  There  are  special  organs  constructed 
for  these  purposes ;  and  through  these  the  nerves  reodve  im- 
pressions. Than  the  nerve  of  sight  cannot  of  itself  see ;  but 
the  eye  being  there,  so  formed  as  to  have  pictured  on  a  mem- 
brane the  images  of  objects,  the  nerve  receives  an  impressioQ 
from  these  images,  and  this  impression  is  transmitted  through 
the  trunk  of  the  nerve  to  the  brain,  where  the  mind  takes  cog- 
nizance of  it ;  and  this  constitutes  seeing. 

220.  While  then  the  nervous  system  is  the  great  essiratial 
means  of  connection  between  the  mind  and  external  things, 
there  are  other  subordinate  means,  as  we  may  consider  them. 
They  are  organs  of  various  kinds,  through  which  the  nerves  act 
and  are  acted  upon.  The  nervous  system,  therefore,  may  be 
viewed  as  presiding  over  the  sentient  and  moving  machinerTy  in 
the  complex  structure  of  the  human  system,  which  we  have 
been  examining  in  the  previous  chapters. 

221.  The  nervous  system  in  the  lower  orders  of  animals  ia 
very  simple,  and  forms  an  exceedingly  small  part  of  the  animaL 
But,  as  we  rise  in  the  scale,  we  find  that,  as  the  limits  of  rela- 
tion to  external  things  enlarge,  this  system  becomes  more 
prominent ;  till,  in  man,  in  whom  these  relations,  both  mental 
and  physical,  are  much  more  extensive  than  in  any  other 
animal,  it  is  very  prominent  and  greatly  complicated. 

222.  The  interest  of  the  class  of  subjects,  now  to  be  opened 
to  you,  much  transcends  that  of  the  subjects  which  we  have 
already  gone  over.    If  you  look  at  a  child  as  it  first  opens  ita 
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ejee  upon  this  world,  you  see  a  being,  whose  senses  are  com- 
mencing  their  work  as^  inlets  of  knowledge  to  the  soul  within. 
Nothing  is  known  at  the  outset,  of  shapes,  or  colors,  or  dis- 
tances, or  any  other  relations  of  things.  This  is  all  to  be 
learned,  through  the  nerves  and  their  subordinate  organs.  And- 
m  all  knowle<^  is  acquired  through  the  nerves,  so  it  is  com- 
mtinicated  through  nerves  to  others.  It  is  communicated  by 
the  motions  that  are  excited  in  the  muscles  by  the  nerves — the 
motions  of  the  countenance  varying  its  expression  ;  the  motions 
of  the  limbs^  or  gestures ;  but  especially  by  the  motions  which 
produce  and  articulate  the  voice.  Thought  and  feeling  can  be 
communicated  in  no  other  way  than  by  muscular  motion. 

223.  From  what  has  now  been  said,  you  readily  see,  what 
will  be  the  subjects  of  the  third  part  of  this  book.  They  are 
those  which  relate  to  the  nervous  system  and  its  connections  or 
dependencies.  They  are, the  nervous  system  itself;  the  organs 
of  locomotion,  the  muscles,  and  the  bones ;  the  voice  ;  the  ex- 
pression of  the  countenance,  and  the  language  of  the  muscles 
generally;  the  senses,  with  tlieir  organs;  instfflct;  thought; 
reason. 

224.  As  preparatory  to  a  particular  view  of  these  subjects,  I 
will  give  you  a  geneml  view  of  the  nervous  system,  with  the 
functions  performed  by  the  various  parts  of  it.  I  shall  reserve 
for  another  chapter  a  particular  view  of  some  of  the  higher 
ftinctions  of  this  system,  and  a  consideration  of  some  subjects, 
which  we  can  better  examine  after  we  have  considered  the 
organs  of  locomotion  and  the  senses. 

225.  The  nervous  system  may  be  considered  as  having 
three  parts ;  1,  certain  central  parts,  as  the  brain  and  spinal 
marrow ;  2,  nervous  trunks,  which  going  from  these  central 
parts  divide  and  subdivide,  as  the  arteries  do,  till  they  become 
exceedingly  minute;  and  3,  the  nervous  expansion  in  the 
organs,  having  a  relation  to  the  nervous  trunks  similar  to  that 
which  the  capillaries  bear  to  the  arteries.  In  what  we  call  sen- 
sation we  suppose  that  an  impression  is  produced  in  the  nerv- 
ous expansion,  that  the  trunk  serves  to  transmit  it,  and  that 
through  the  nervous  centre,  the  brain,  it  is  communicated  to 
the  mind. 

226.  Let  us  see  now  what  is  necessary  to  this  compound  act, 
termed  sensation.  First,  it  is  necessary  that  the  organ  where 
the  nerve  is  expanded  be  in  a  condition  to  let  the  nerve  receive 
the  impression.  If  the  eye  be  so  injured  in  its  textures,  that 
the  impression  can  not  be  made  on  the  nerve,  there  can  be  no 
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yisioD.  So,  too,  of  the  other  senses.  Taste  and  smell  are  often 
impaired,  sometimes  even  destroyed  for  a  time,  by  an  inflam- 
mation of  the  mucous  membrane,  on  which  the  nerves  devoted 
to  tliese  senses  are  expanded.  This  is  sometimes  the  case  in  a 
common  cold.  It  is  necessary  also,  that  the  trunk  of  the 
nerve  be  in  a  proper  condition.  If  the  nerve  of  vision  be 
pressed  upon  by  a  tumor,  there  will  be  no  impression  trans- 
mitted from  the  images  formed  in  the  eye.  So,  too,  if  a  nerve 
going  to  any  part  of  the  body  be  cut  off,  there  can  be  no  trana- 
mission  of  impressions  to  the  brain  from  that  part  Again,  it 
is  necessary  to  sensation,  that  the  brain  should  be  in  a  state  -to 
communicate  the  impression  to  the  mind.  If  the  brain  be 
pressed  upon  strongly  by  a  depression  of  the  skull  from 
violence,  or  by  effusion  of  blood  by  the  rupture  of  an  artery,  as 
sometimes  occurs  in  apoplexy,  there  can  bo  no  sensation. 
Excitement  of  mind,  too,  sometimes  prevents  the  occurrence  of 
sensation,  by  its  action  u|x)n  the  connection  between  the  mind 
and  the  brain.  The  pain  of  a  wound  received  in  battle  is  often 
unfelt,  until  9e  excitement  of  the  battle  is  over.  The  aching 
of  a  tooth  is  often  8top{>ed  by  tlie  excitement  conseouent  upon 
going  to  the  dentist  to  have  it  extracted.  I  once  Dumed  mj 
hand  in  the  beginning  of  a  chemical  lecture,  but  felt  no  pain 
till  I  had  finished  it,  and  then  the  pain  was  at  once  very 
severe.  In  these  cases  the  cause  of  the  pain  is  actine  all  the 
while  upon  tlie  uer\'ous  extremity,  and  the  tnmk  of  Uxe  nerve 
is  capable  of  transmitting  the  impression,  but  the  state  of  the 
mind  is  such,  and  such  is  the  consequent  condition  of  the 
brain,  that  the  sensation  does  not  occur— one  link  in  the  neces- 
sary chain  is  defective. 

227.  The  same  can  be  said,  in  regard  to  the  necessity  of 
each  of  these  links  of  the  chain,  in  relation  to  voluntary  mo- 
tion, as  well  as  sensation.  The  brain  must  be  in  a  condition 
to  Ik*  acted  upon  by  the  mind ;  the  nervous  trunk  must  be 
capable  of  transmitting  the  impression  ;  and  the  muscle  must 
be  in  such  a  state,  and  in  such  coimection  with  the  extreme 
nervous  fibres,  that  it  can  respond  to  the  call  of  the  brain. 

228.  liefore  going  further,  I  will  give  you  some  idea  of  the 
proportions  and  arrangement  of  the  central  organs  of  the 
nervous  system.  In  Fig.  72  you  have  prcsenttxl  a  general 
view  of  tliis  system, — the  central  organs  with  the  nerves  going 
out  from  them.  At  a  is  the  cerebrum,  the  upper  large  brain, 
filling  up  a  considerable  portion  of  the  skull;  at  6  is  the 
cerebellum,  the  lesser  brain,  lying  beneath  the  cerebrum  at  ita 
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back  part  :  at  c  is  the  great  ruciiil  nerve,  the  chief  nerve  of  tha 
fiue;  the  Eipinnl  iiiarrow,  d,  iiuncU  off  branches  on  either  side 
in  ite  whol(^  length  ;  at  e  is  the  brachial  plexus,  a  bundle  of 
nerves  coming  Iroiii  tliG  spinal  marrow,  vrhich  here  unite 
together,  and  arc  then  distributed  to  all  parts  of  the  arm ;  at  * 
J9  8  similar  plcjtus  from  which  are  distributed  nerrei  to  the 
lower  extremity ;  /,  g,  ami  K  point  to  ditforent  nervea  in  the 
arm,  and  /,  m,  n,  and  o  to  different  nen-en  in  the  leg.  Yoa 
observe  thiit  the  whole  of  this  nervous  system  is  divided  into 
exactiv  similar  halves.  The  cerebrum  and  the  cerebellum  are 
both  double  organs,  and  the  nerves  of  one  ride  are  just  like 
those  of  the  other. 

229.  Having  thus  observed  the  general  wraiigement  of  Ute 
nervous  sptem,  I  enll  vour  attenljon  next  to  the  arrangement 
and  structure  of  the  train  which  are  seen  in  Fig.  73.     Thii 
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a  lo  view  a  perpendicular  section  of  the  brain,  m 
made  from  front  to  rear,  dividing  it  into  two  halves.  Yon 
have  here  a  view  of  the  inner  sur&ce  of  one  hemispheie,  as  it  ia 
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termed,  of  the  cerebrum,  the  large  upper  brain,  which  is  com* 
monly  described  as  having  three  lobes  or  divisions,  a,  the 
antenor  [  6,  the  middle ;  and  c  the  posterior.  At  /  is  the 
broad  band  of  white  fibrous  matter,  which  unites  the  two 
halves  or  hemispheres  together,  of  course  divided  in  the 
section ;  at  o?  is  the  cerebellum  showing  a  peculiarly  beautiful 
arrangement,  called  the  arbor  vitce,  or  tree  of  life ;  at  ^  is  the 
beginning  of  the  optic  nerve  which  goes  to  the  eye ;  I  is  the 
nerve  of  smell ;  e  is  the  commencement  of  the  spinal  marrow. 
The  many  nerv€«  which  you  see,  are  distributed  to  various 
parts  of  the  face ;  the  nerve  at  h  goes  to  the  tongue  ;  at  i  to 
the  throat,  ^nd  at  m  to  one  of  the  muscles  of  tlio  eye.  From 
the  beginning  of  the  spinal  marrow  go  forth  many  nerves,  one 
of  which,  k,  is  a  very  important  one,  as  it  sends  off  branches  to 
the  lungs,  the  heart,  and  the  stomach.  It  is  this  part  of  the 
nervous  system,  the  top  of  the  spinal  cord,  that  it  is  most  im- 
mediately essential  to  the  continuance  of  life.  For  it  is  by 
their  nervous  conn(!ctions  with  the  top  of  the  spinal  man*ow, 
that  the  heart  and  lungs  continue  to  perform  meir  duty.  It 
has  been  ascertained,  by  experiments  upon  aninrals,  that  the 
cerebrum,  and  even  the  cerebellum,  can  be  destroyed,  and  yet 
the  animal  will  continue  to  breathe,  and  the  circulation  will  go 
on  for  some  time.  But  the  moment  that  this  part  of  the 
spinal  cord,  from  which  the  heart  and  lungs  are  supplied  with 
nerves,  is  destroyed,  the  breathing  and  the  circulation  stop 
and  the  animal  dies.  3o,  too,  in  apoplexy,  if  the  effusion  of 
blood  take  place  at  the  top  of  the  spinal  marrow,  death  will 
occur  more  certainly,  and  in  much  shorter  time,  than  if  the 
effusion  take  place  in  the  cerebrum  or  cerebellum. 

230.  You  observe  that  the  cerebrum  has  deep  irregular 
furrows  on  its  surface,  and  that  it  presents  undulating  tortuous 
projections.  These  are  called  the  convolutions  of  the  brain. 
Into  the  furrows  between  them  dips  down  the  membrane,  in 
which  branch  out  the  arteries  that  supply  the  brain  with  blood, 
and  the  veins  that  return  it  from  this  organ.  This  membrane 
is  from  its  soft  and  delicate  texture,  called  the  pia  mater  (pious 
mother),  while  the  stout  fibrous  membrane,  which  lies  outside 
of  this  next  to  the  bony  covering  is  called  tlie  dura  maier,  or 
hard  mother.  The  names  are  entirely  inappropriate,  for  the 
latter  serves  as  >  protection  to  the  brain,  and  the  former  is 
merely  a  vehicle  or  medium  for  tlie  entrance  of  the  blood 
vessels  into  the  brain.  There  is  another  membrane  lying 
between  these  which  is  called  the  arachnoid  membrane,  be- 
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cause  iu  ita  tenuity  mid  delicacy  it  resembles  the  apider'a 
web.  It  is  one  of  tin;  stiroiis  membranes,  and  it  serves  U  m 
protecting  cuvi'lopc  to  tlic  brniti,  and  at  the  aame  time  hy  ita 
acrum,  kei-'ps  tkis  orgsu  btxiexrcd  with  moisturo  over  ita  nhole 
surihce. 

S31.  The  suLHtanci.'  of  whi<.-h  the  brain  is  composed  is  reiy 
•oil,  aomutliin^  liki<  bliiUL-uiiingc.  It  i&  the  softest  o^;aii  in 
the  bocly.  It  u  not  iiiiitVirm  tlirouc;hout  in  color.  All  aronod 
the  wliitA  inner  part  of  the  brain  there  is  a  thick  layer  of  ormf 
subtitance.     Id  I'ig.  74  you  have  a  horizontal  aection  ot  tha 


brain,  showing  the  proportions  and  arrangement  of  the  gr»y 
and  the  white  aubatunces.  As  the  gray  Bubetance  dips  down, 
as  you  aoe  in  the  figure,  into  all  the  furrows,  its  extent  ii 
grcattT  than  you  would  siippose  \X  tin;  first  view.  In  the 
middle  is  represented  tho  broad  connection  which  exiata 
between  the  two  bemispherea  of  the  brain.    Yoa  obaarre  ia 
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Fig.  7^,  and  Fig.  74,  that  there  is  no  apparent  arrangcnicDt  of 
the  externa]  parts  of  the  "brain,  which  would  give  countenance 
to  the  idea  of  the  phrenologist,  in  relation  to  a  division  into 
particular  orgaos.  The  convolutions,  so  far  from  presenUng 
any  well  defined  arrangement,  are  exceedingly  irregular. 

882,  The  gray  substance,  wliich  is  soraetimea  called  the 
cortical  (bark-like)  substance,  beuaiue  it  surrounds  the  white 
central  part  of  the  brain,  is  made  up,  as  I  said  in  the  Chapter 
on  Cell-Life,  §  208,  of  cells,  while  the  white  part  is  coni^Hwcd  of 
exceedingly  minute  tubes.  These  tubes  are  continued  into  the 
nervee,aDd  as  they  hold  the  nervous  matter,  tbey  constitute  the 
medium  of  communication  between  the  brain  and  all  parts  of 
the  body.  This  fiinctioti  of  comniunicatioo  is  the  «ole  function 
of  the  white  nervous  matter.  In  the  brwn  this  white  matter  is 
a  mere  collection  of  tubes,  and  these  branching  out  in  bundles 
form  the  nerves.  These  tubes  are  supposed  to  be  entirely 
separate  from  each  other,  from  their  beginning  in  the  brain  to 
their  termination  in  the  various  parts  of  the  body,  for  the 
microscope,  as  stated  in  §  205,  has  never  discovered  any  union 
between  them  at  any  point.  The  brain  then  is  a  groat  central 
organ  of  communication,  where  innumerable  minute  tubes  are 
brought  U^ether,  each  of  which  is  connected  with  some  one 
moving  fibre,  or  some  one  sensitive  point  in  the  body.  Those 
which  are  connected  with  mus- 
cular fibres  transmit  impres- 
sions fron^  the  brain,  and  P"^'  ''*- 
tliose  which  are  connected 
with  sensitive  pointa  transmit 
impressions  to  it  Of  the 
Nze  of  these  tubes  you  can 
judge  by  Rg.  75,  which 
shows  some  of  them  bs  they 
appear  magnified  3S0  diam- 
eters. They  vary  much  in 
size,  but  Uie  cause  of  this 
rariation  has  not  been  dis- 
covered. 

233.  The  office  of  the  gray 
substance,  it  is  quite  well 
ascertained,  is  very  different 
from  that  of  the  white  sub- 
stance, as  the  difference  in 
its  itnctiiTS  would  load  us  tc 
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connected  wiUi  the  mind  than  the  white  substance.  When, 
for  example,  motion  is  produced  in  obedience  to  the  will,  the 
impression  producing  the  motion  is  transmitted  through  the 
white  matter,  but  the  cause  of  this  impression  does  not  act 
directly  on  this  matter.  The  impression  is  caused  by  the 
action  of  the  mind  on  the  gray  matter,  and  the  white  substance 
only  serves  to  transmit  it.  The  gray  matter,  tlierefore,  has  a 
more  active  agency  than  the  white  in  the  phenomena  of  the 
mind  and  the  nervous  system.     It  is  tlic  first  link  in  the  chain 

m 

of  connection  bi-tween  the  spiritual  and  the  physical  in  our 
nature.  IL^nce,  in  examining  the  brains  of  animals,  we  find 
that  the  higher  is  the  intelligence,  the  more  abundant  is  the 
gray  substiuice ;  and  it  is  es])ecially  abundant  in  man,  by  the 
large  development  of  the  convolutions. 

234.  The  question  arises  here,  whether,  as  in  motion  the 
active  agency  is  on  the  part  of  the  gray  matter  in  the  brain, 
tliere  is  aLi^o  gray  matter  at  the  extremities  of  the  nerves  of 
sensation,  exerting  an  active  agency  there.  'It  would  seem  that 
it  should  l)e  so.  When  voluntary  motion  is  produced,  the 
action  of  the  mind  is  on  the  gray  substance,  and  the  white  sub- 
stance of  the  brain  and  the  nerves  transmits  tlie  impression  of 
this  action.  But  in  sensation  the  lirst  step  in  the  process  is  not 
in  the  brain,  but  in  the  nervous  extremities.  Now  in  this  fint 
step,  in  the  actual  production  of  the  impression  to  be  trans- 
mitted to  the  brain,  we  should  suppose  the  gray  matter  aa 
necessary  as  in  the  production  of  the  im]iressiou  to  be  trans- 
mitted from  the  brain  in  effecting  volunUiry  motion.  Else  we 
must  conclude,  that,  while  the  white  substance  can  have  no 
active  agency  in  the  brain,  but  serves  only  for  transmission,  at 
its  other  extremity,  expanded  in  the  organs,  it  ser\'es  for  both 
transmission  and  production.  Dr.  Cari)enter  Bupi)08e8,  there- 
fore, that  there  is  a  sort  o\'  gray  matter  in  the  expanded  extrem- 
itit?s  of  all  nerves  of  sensation.  But  the  microscope  has  never 
duK^overed  the  existence  of  this  matter  in  any  ner\'ous  expan- 
sion, exc^^pt  in  the  nerve  of  the  eye,  in  the  retina,  and  in  some 
parts  of  the  internal  ear.  And  some  facts  seem  to  militate 
against  Dr.  Carpenter's  view  of  the  subject.  If,  for  instance, 
you  hit  the  trunk  of  a  nerve,  as  the  little  nerve  so  often  hit  at 
tlie  elbow,  a  sensation  is  produced,  which  is  in  some  measure 
referred  to  tlie  part  to  which  the  nerve  is  distributed.  From 
such  facts  it  would  appear,  that  in  sensation  the  white  nervous 
matter  does  not  merely  transmit  impressions,  but  has  an 
agency  also  in   originating  them.    There  is  then  probably 
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Tlw  graj  ■ubsUoes  well  lapplied  With  arterial  blood.    Gaagliom  and  plexuiet. 

DO  gray  matter  ordinarily  in  the  expanded  extremities  of  a 
nerve,  but  they  are  merely  terminations  of  the  tubes  which 
make  up  its  trunL 

235.  The  cells  which  form  the  peculiarity  of  the  structure  of 
the  gray  substance  are  often,  as  you  saw  in  Fig.  69,  of  ver^ 
singular  appearance  from  their  prolongations.  They  lie  in  the 
interstices  of  a  vascular  network.  A  due  supply  of  arterial 
blood  is  absolutely  essential  to  the  vigorous  performance  of  the 
functions  of  the  ^ray  substance.  If  the  supply  be  cut  off  in 
any  way,  as  by  the  failure  of  the  hearths  action  in  fainting, 
insensibility  and  the  loss  of  the  power  of  motion  are  the  conse- 
quence. While  the  gray  substance  is  on  the  outside  of  the 
brain,  it  is  on  the  inside  of  the  spinal  marrow.  It  is  also  on 
the  inside  of  the  little  bodies  called  ganglions^  scattered  here 
and  there,  as  depositories  of  nervous  force,  or  as  Httle  brains,  as 
we  may  term  them.  These  ganglions  are  not  merely  a  part  of 
the  apparatus  of  communication.  They  are  different  from 
plexuses,  which  a^e  mere  combinations  of  nervous  trunks,  as 
seen  in  Fig.  11,  t  t  being  the  trunks,  which,  after  uniting  with 

FIG.  76. 


FIG.  T7. 


each  other  in  various  ways,  again  separate  to  go  to  their 
different  destinations.  At  g,  in  Fig.  76,  is  a  ganglion  into 
which  the  fibres  /  of  the  nerve  n  run.  It  then  divides  agaio 
into  branches  6.  These  ganglions  produce  nervous  force,  and 
therefore  are  composed  like  the  brain  in  part  of  gray  substance. 
The  Bpinal  marrow,  too,  produces  as  well  as  transmits,  and  so 
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tiiM  substance  forms  a  pari  of  it.  Thin  gray  subaUtioe,  m  it  ia 
in  constant  operation,  is  subject  to  much  wear  and  t«itr,  ■■  wb 
may  exprew  it,  ami  (liorvfore  the  clianges  of  repair  are  eon- 
Btaiitly  goin;?  on  in  its  structure.  Hence,  the  necessty  fi>r  u 
large  a  (supply  of  blood,  as  is  Reoured  by  the  network  of  reswU, 
aniuii<r  wliich  tlie  cells  peculiar  to  thiK  substance  are  scattered. 
The  iniiToscojie  lias  iblly  demonstrated  the  reality  of  these 
continual  cliangox,  for  it  shows  us,  whenever  a  portion  of  this 
Rtibstiince  is  examined  by  it,  the  cells  in  all  the  various  atages 
of  (li'vi-lupnient  mingled  to;^tlicr.  The  freshly  made  aimpte 
cells  ure.  sren  among  those  which  have  been  formed  for  aome 
time,  and  which  have  put  forth  thoir  long  off-shoota,  as  seen  in 

230.  The  extremities  of  the  fibres,  or  rather  of  the  tubuli 
(Fig.  75]  of  the  niTvos  terminate  vurioiitily.  The  most  common 
termination  is  in  loop*,  as  seen  in  Fig.  "8,  which  represents  the 


i<:rminalion  of  the  nervos  aa  seen  tliroiigh  the  microscope  in 
A  thin  jierpendicular  seeticfh  of  the  skiti  in  tlie  thumb.  The 
three  eminences  in^his  figure  are  thow;  of  the  papilla,  as  they 
are  termed,  which  you  can  see  are  arranged  in  curvilinear  rows, 
if  you  look  at  the  ball  of  tlie  thumb.  In  Fig.  79  you  see  this 
same  loop-like  arrangement  in  the  nervous  tubuli,  as  seen 
through  the  microsco])e,  on  the  RenRitive  sac  that  lines  th« 
cavity  of  a  tooth,  the  entrance  for  the  nerves  and  bloodveaaela 
of  this  sac  being  at  the  end  of  the  root. 

237.  One  very  singiulftr  termination  of  the  nervous  tubuli,  is 
in  what  are  called  Pacinian  cori.u.«cles.  after  Pacini,  the  first 
micKiscopist  that  discovered  them.  They  are  fuilnd  attached 
to  the  nerves  in  the  hand  and  foot  more  often  than  any  where 
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eUe.  Thfat  structure,  which  is  soep  in  Sk.  80,  A,  highly 
magnified,  is  vct7  curious.  They  are  attached  to  the  branches 
of  the  nerves  on  which  they  cluster  by  little  peduncles  or 
stalks.  At  a  is  tlie  peduncle;  b  is  the  nervous  fibre  or 
tubulus ;  /  is  its  termination  in  the  corpuscle.  The  corpuscle 
itself  is  composed  of  layers  of  a  very  delicate  fibrous  membrane 
inclosing  each  other  like  the  conb  of  an  onion,  to  the  number 
of  sometimes  sixty,  the  inner  ones,  d,  being  doscr  together  than 
the  outer  ones,  c,  are.  In  B  ia  represented  a  portion  of  a 
nerve  of  a  finger,  with  clusters  of  these  corpuscles  of  about  the 
natural  size.  Of  what  use  these  singular  bodies  are  we  know 
not  But  the  fact  that  they  are  always  found  in  certain 
regions  of  the  body  shows  that  they  are  placed  there  for  some 
definite  purpose.  It  has  been  supposed  by  some  that  they  are 
minute  elecbical  batteries,  because  they  bear  sonie  resemblance 
to  the  electrical  oi^na  found  in  some  fishes. 

238.  There  is  a  wonderful  fact  io  r^!;ard  to  th?  healing  of 
voonded  nerrea  which  must  not  pass  unnoticed.    You  know 
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that  if  a  nerve  be  divided,  all  communication  between  the  p«rt 
that  it  supplies  with  branches  and  the  brain  ia  cut  ofL  No 
impressions  can  be  transmitted  tlirough  it  to  and  from  the 
brain.  But  the  two  cut  ends  of  the  nerves  can  grow  together, 
and  the  communication  can  tluis  bo  more  or  less  restored. 
Sometimes  it  is  as  perfect  as  before.  Now,  if  you  call  to 
niind  the  structure  of  a  nervous  trunk,  you  will  see  that  this  is 
passing  wonderful.  It  is  made  up,  you  will  recollect,  of  tubuli 
which  are  entirely  separate  from  each  other,  and  each  one 
of  tliese  goes  from  its  origin  in"  the  nervous  centre  to  its 
destination  by  itself.  Tt  is  difficult  to  conceive,  therefore,  how 
the  nerve  can  bo  healed  without  creating  confusion.  For  to 
avoid  this  it  would  seom  to  bo  necessary,  that  each  little  tube 
at  its  cut  end  must  unite  with  its  corresponding  end,  and  not 
witli  tlie  end  of  some  tube  with  which  it  has  no  relation.  For 
example,  if  the  nerve  distributed  to  the  hand  were  cut,  it 
would  not  do,  as  it  soems  to  us,  to  have  tubuli  which  go  to  the 
thumb  unite  with  those  which  go  to  a  tingor.  And  besides,  as 
I  shall  soon  show  you  that  the  tubuli,  through  which  the 
impression  that  produces  motion  is  transmitted,  arc  separate 
from  those  which  transmit  the  impression  that  causes  sen- 
sation, it  would  not  do  for  a  tubulus  of  one  kind  to  unite 
in  the  healing  with  one  of  the  other  kind.  We  can  not 
conceive  how  a  confusion  in  sensations  and  motions  can  be 
avoided,  unless  the  end  of  each  iibre  or  tubulus  is  united 
with  its  corresponding  end ;  and  such  an  accurate  union 
of  the  multitude  of  tubuli  in  a  nerve  seems  an  impossibil- 
ity. That  there  is,  however,  a  very  accurate  union  effected,  it 
manifest  from  the  observations  of  M.  Hrown  Sci^uard.  H€ 
examined  in  animals  nerves  which  were  divided  twelve  months 
l>etbre,  and  could  not  discover  the  point  of  division  even  with 
the  aid  of  the  microscope.  If  the  tubuli  were  not  all  made  aa 
perfectly  continuous  as  before  the  nerve  was  divided,  the 
microsco])e  would  have  revealed  the  defect.  But  it  takes  time 
to  effect  this  adjustment  of  the  tubuli,  for  it  was  found  by  Dr. 
llaighton  in  his  experiments  nearly  fifty  years  ago,  that  after 
dividing  nerves,  their  functions  were  not  restored  till  some 
time  after  they  were  apparently  healed.  This  shows  most 
clearly,  that  tlio  arrangement  of  the  tubuli,  which  is  required 
for  the  communication  of  impressions  through  them,  is  gradu- 
ally effected  after  the  union  takes  place. 

239.  Taking  this  view  of  this  interesting  point,  the  difficulty 
is  greatly  enhanced,  when  we  look  at  the  union  of  parts  that 
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Nenres  oftbt  ipiiial  marrow  eompoaod. 


did  not  originally  belong  together,  as,  for  example,  when  a 
piece  of  skin  is  dissected  from  the  forehead,  and  is  twisted 
down  so  as  to  be  made  to  grow  on  to  the  nose  to  supply 
a  defksiency  there.  Here  new  relations  entirely  are  established 
between  the  nerves  of  the  divided  parts,  and,  as  we  should 
expect,  there  is  confusion  in  the  sensations.  The  patient,  at 
first,  whenever  the  new  part  of  his  nose  is  touched  refers  the 
sensaUon  to  the  foreheaa.  But  this  confusion  of  tlie  sensations 
is  after  a  while  removed.  And  it  is  curious  to  observe,  Uiat 
while  the  old  nervous  connections  are  breaking  up,  and  the 
new  ones  are  becoming  established,  there  is  an  interval  of 
partial,  sometimes  entire,  insensibility  in  the  part.  How  these 
new  relations  can  be  established  consistently  with  the  known 
arrangement  of  tlio  tubuli  in  the  ner\'es  is  a  mystery. 

240.  As  I  have  already  hinted,  there  are  different  nerves  for 
different  purposes.  The  nerves  through  which  the  mind  sends 
its  messages  to  the  muscles,  are  not  the  same  with  those 
through  which  it  receives  impressions  in  sensation.  In  and 
about  the  face,  the  nerves  of  motion  and  st^nsadon  are,  for  the 
most  part,  entirely  separate  from  each  other.  But  in  other 
parts  of  the  body,  the  fibres  or  tubuli  for  motion  and  sensation 
are  mingled  together  in  the  same  nervous  trunk,  inclosed  in 
one  sheath.  It  is  found  that  each  of  the  nerves,  coming  out 
from  each  side  of  the  spinal  marrow,  has  two  roots,  which 
unite  tog»^ther  and  are  inclosed  in  one  sheath. 
Thi.s  arrangement  is  represented  in  Fig.  81, 
in  which  a  is  a  portion  of  the  spinal  cord ; 
d  the  anterior  root;  b  the  posterior  rodt;  e 
the  trunk  formed  by  the  union  of  those  two 
roots ;  and  /  a  branch  of  the  nerve.  At  c, 
on  the  [xwterior  root  is  one  of  the.ganglions,  or 
little  brains,  of  which  I  spoke  in  §  235. 
Why  they  are  j>lacod  on  these  posterior  roots, 
and  not  on  the  ;mterior,  or  why  tliey  are 
placed  here  at  all,  we  know  not.  It  has 
been  ascertained  by  many  experiments  on 
animals,  tliat  the  posterior  roots  are  composed  •  • 

of  tubuli,  which  bring  impressions  to  the  spinal  marrow ;  while 
the  anterior  are  composed  of  tubuli  which  carry  impressions 
from  the  spinal  marrow.  For,  if  the  spinal  cord  of  an  animal 
be  laid  bare,  and  a  posterior  root  be  irritated,  ])ain  is  produced ; 
but  if  an  anterior  root  be  irritated,  violent  motions  are  caused 
in  the  parta  to  which  the  nerve  is  distributed.    That  'vt^  tha 
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posterior  root  is  a  nerve  of  sensation,  and  the  anterior  a  nerve 
of  motion.  It  is  a  mere  matter  of  convenience  that  thej  unite, 
and  are  mingU^d  together  in  tlio  same  sheath,  for  thej  are  to 
bo  distributee!  in  the  same  parts.  In  and  about  the  face  the 
nerves  of  motion  and  sensation  are  kept  lor  the'  most  part 
separate,  as  before  stated,  merely  because  it  would  be  no  con- 
venience in  any  case  to  put  them  togetlier  in  one  sheaUi. 

241.  But  not  only  are  there  ditK^rent  nerves  for  sensation 
and  for  motion,  but  there  are  also  different  nerves  for  different 
kinds  of  sensation.  Thus,  in  the  eye,  the  optic  nerve  which 
transmits  the  impressions  from  thu  images  formiKl  on  the 
retina,  as  will  be  shown  in  tlie  Chapter  on  the  Eye,  is  wholly 
separate  from  the  nerve  by  which  any  pain  or  irritation  is  felt 
in  this  organ.  The  latter  is  called  a  nerve  of  common  sen- 
sation— the  former  a  nerve  of  sjiccial  sensation.  So  in  the 
nose,  the  nerve  that  takes  cognizance  of  odors  is  a  different 
one  from  that  l>v  which  irritation  on  the  same  membrane  is 
felt.  The  snutf-taker  smells  the  suuff  with  one  nerve,  and  feels 
its  tingling  with  another. 

242.  The  uorvL>s  devoted  to  one  kind  of  sensation  can  not  in 
any  case  perform  the  function  of  those  of  any  other  kind. 
P^ich  iier\'e  is  tilted  for  its  own  peculiar  office,  and  has  for  this 
its  own  peculiar  susceptibility.  Thus,  the  nerve  of  touch  is 
insensible  to  light,  and,  on  the  other  hand,  the  nerve  of  vision 
is  insensible  to  touch.  If,  therefore,  the  nerve  of  viMon  be 
paralyzed,  but  the  norve  of  cuminon  sensation  in  the  eye  be 
unimpaired,  although  there  is  no  st-oing,  the  eye  is  as  sensible 
to  irritation  as  ever.  On  the  other  hand,  if  the  nerve  of  vision 
l>e  unimpaired,  and  the  nervii  of  common  st'nsution  be  pnr- 
alyz<'(l,  as  sonietiuKs  ha]>pens,  the  individual  can  see,  but  ho 
has  lost  the  sentint-l  that  stand.s  guard  over  the  eye,  and  by  its 
warning  of  ]>ain  keeps  it  from  injury.  What^  therefore,  is 
flying  ill  tlu*  atmosphere  may  lodge  in  the  eye,  and  though  it 
produce  no  pain,  it  will  excite  inflanmiation  by  irritating  the 
capillarii's.  The  eye  in  some  of  th^.-se  cases  is  destroyed, 
by  thu  inflammation  which  thus  arises  from  the  loss  of  sensi- 
biiiAy  to  the  touch.  When  the  n^Tve  of  common  sensation  is 
in  a  healthy  state,  the  moment  any  thing  gets  into  the  eye 
great  pain  is  produced,  and  the  tears  liow  and  the  eyelids  are 
in  constant  motion ;  and  if  by  these  instincti\ti  means,  as  we 
may  term  them,  the  irritating  sul)stance  is  not  removed,  other 
means  are  at  once  resorted  to.  Hut  when  this  nerve  is  par- 
alyzed, although  the  irritating  substance  produces  no  pain,  it 
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gradually  cayses  inflammation  in  the  delicate  vascular  textore 
of  the  eye.  Pain,  then,  in  this  case,  as  well  as  in  every  other, 
is  a  safeguard  against  danger.  The  part  is  endowed  with  an 
acute  sensibility  to  touch,  bemuse  it  is  needed  as  a  sentinel  in  a 
part  so  delicate  and  yet  so  exposed. 

243.  This  leads  me  to  remark,  that  the  different  parts  of  the 
*  body  are  endowed  with  different  degrees  of  sensibility,  accord* 

ing  to  their  necessities,  in  relation  to  the  warning  of  danger. 
Accordingly,  the  skin  is  the  most  sensitive  part  or  organ  of  the 
body,  that  it  may  warn  at  once  of  the  approach  of  danger ; 
while  the  internal  parts  have  much  less  sensibility,  some  of 
them  none.  In  the  performance  of  operations,  therefore,  the 
great  suffering  is  in  the  cutting  of  the  skin.  There  is  very 
little  sensibility  in  the  muscles^  and  there  is  none  in  the  bones. 
The  following  fact  illustrates  the  use  of  the  sensibility  of  the 
skin  in  the  prevention  of  injury.  A  man  who  had  lost  all 
sensibility  in  bis  right  hand,  but  retained  the  power  of  motion, 
lifted  the  cover  of  a  pan  when  it  was  burning  hot.  Although 
he  was  not  aware  of  any  effect  at  the  moment,  the  consequence 
was  the  loss  of  the  skin  of  the  fingers  and  of  the  palm  of  the 
hand,  laying  bare  the  muscles  and  tendons.  If  the  sensibility 
had  not  been  lost,  that  is,  if  the  nervous  tubuli  which  transmit 
sensation  had  not  been  paralyzed,  the  warning  of  pain  would 
have  been  instantly  given  to  the  brain,  and  orders  would  have 
been  sent  to  the  muscles  to  relax  their  grai^p  of  the  cover ;  and 
so  rapid  are  these  transmissions,  that  the  cover  would  have 
been  dropped  soon  enough  to  prevent  any  great  amount  of 
injury  from  being  done. 

244.  Although  there  is  so  little  sensibility  in  the  internal 
parts  in  their  healthy  condition,  yet  when  they  become  inflamed 
they  become  sensible  of  pain,  sometimes  acutely  so.  Thus,  an 
inflamed  bone  is  the  seat  of  severe  pain ;  and  the  tendons, 
although  nearly  insensible  ordinarily,  become  very  painfiil 
when  inflamed,  as  any  one  that  has  a  deep-seated  felon  can 
testify.  The  question  as  to  the  cause  of  this  change  of  sen- 
sibility I  will  not  stop  to  discuss,  but  that  there  is  a  benevolent 

'object  in  it  is  very  manifest.  If  inflammation  caused  no  paiu 
in  such  parts,  it^  might  go  on  to  tr  destructive  extent  without 
the  person^s  being  aware  of  the  danger,  and  therefore  without 
his  applying  for  medical  means. 

246.  It  was  formerly  supposed  that  a  nerve  must  of  course 
have  an  exquisite  sensibility.     But  there  is  no  sensibility  ift  | 
nerves  devoted  to  motioD.    Neither  is  there  any  in  the  brite 
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itself.  Portions  of  it  can  l>e  cut  off  without  produciDg  any 
pain.  Tho  lionrt,  too,  ia  insensible  to  the  touch.  A  case 
proving  this  fell  under  the  observation  of  Harvey,  the  dis- 
coverer of  tho  circulation  of  the  blood.  A  young  nobleman, 
from  an  injur}'  received  in  a  fall,  had  a  large  abscess  on  die 
chest,  which  occasioned  such  a  destruction  of  the  parts,  as  to^ 
leave  the  lungs  and  heart  exposed.  Charles  I.,  on  hearing  of 
the  case,  desired  to  have  Harvey  see  it.  "When,"  says 
Harvey,  "  I  had  paid  my  respects  to  this  young  nobleman,  and 
conveyed  to  him  the  king's  reauost,  he  made  no  concealment, 
but  exposed  the  Wft  side  of  liis  breast,  when  I  saw  a  cavity, 
into  which  I  could  introduce  my  fingers  and  thumb;  aston- 
ished with  the  novelty,  again  and  again  I  explored  the  wonnd, 
and  first  marveh'ng  at  the  extraordinary  nature  of  the  case,  I 
set  about  the  examination  of  the  heart.  Taking  it  in  one 
band,  and  placing  the  finger  on  the  wrist,  I  satisfied  myself 
that  it  was  indeed  the  heart  which  I  grasped.  I  then  brought 
him  to  the  king,  that  he  might  behold  and  touch  so  extraordi- 
nary a  thing,  and  that  he  might  perceive,  as  I  did,  that  unless 
when  we  touched  the  outer  skin,  or  when  he  saw  our  finders 
in  the  cavity,  this  young  nobleman  knew  not  that  we  touched 
his  heart!''  This  absence  of  sensibility  in  the  heart  is  not 
because  it  is  not  well  endowed  with  nerves.  It  is  well 
endowed,  but  it  is  with  ncr\^es  which  are  devoted  to  another 
purpose.  Tliey  are  nerves  of  sympathy,  which  establish  a 
connection  with  every  part  of  tho  body,  making  this  organ  to 
be  so  easily  affected  by  motion,  by  disease,  and  by  every  pass- 
ing emotion  in  the  mind. 

246.  In  the  face  we  have  an  example  of  diflferent  sets  of 
nerves  for  diiferent  classes  of  .motions.  All  those  motions  that 
are  used  in  the  expression  of,  tho  countenance  are  associated 
together  by  a  certain  nerve.  This  nerve  has  nothing  to  do 
with  other  motions,  as  mastication.  Other  nerves  are  provided 
for  them.  Sometimes  this  nerve  of  expression  is  paralyzed  on 
one  side.  The  reslilt  is,  that  while  the  individnsd  can  masti- 
cate equally  well  on  both  sides,  he  ciin  laugh,  and  cry,  and 
frown,  only  on  one  side,  and  he  can  not  clase  the  eye  on  the  side' 
affected.  In  Fig.  82  is  a  •representation  of  this  condition  of 
things.  The  letl  eye  can  not  be  closed  by  any  effort,  and  the 
left  side  of  the  face  is  wholly  devoid  of  expression.  This  nerve 
of  expression  is  often  paralyzed  by  itself,  the  other  nerves  in  the 
neighborhood,  both  nerves  of  seusation  and  of  motion,  being 
entirely  unaffected.     This  nerve  has  been  called  the  respifatwy 
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nerve  of  tiia  fiioo,  because  it  controls  motjona  which  are  con- 
nected with  the  movemenU  of  respiration.  If  you  observe  how 
the  various  passions  and  emotions  are  expressed,  yon  will  see 
that  there  is  a  natural  association  between  the  muscles  of  the 
&ce  and  those  of  the  chest  in  this  expression.  This  is  very 
obvious  in  laughing  and  in  weeping.  But  this  association  can 
be  effected  only  through  nervous  connections.  And  tLeee  con- 
nections in  this  case  are  very  extensive  and  intimate.  When 
the  nerve  of  expression,  or  facial  respiratory  nerve,  is  par- 
alysed, all  the  motions  of  the  face  connected  with  the  respi- 
ration are  absent.  Though  the  individual  may  sob  in  weep- 
ing, or  send  forth  the  rapid  and  successive  expirations  of 
laughter,  vet  the  face  on  the  side  where  the  nerve  is  par- 
alyzed will  be  perfectly  quiescent.  So,  too,  those  movementa 
of  ^e  nostrils  which  are  sometimes  used  in  expreeaion,  can 
not  be  perfbnned.  Soeeiing  and  sniffing  up  can  not  be  doiM 
14 
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OD  the  affected  side.  Neither  can  the  individual  whistle, 
because  a  branch  of  this  nerve  goes  to  the  muscles  at  the 
corner  of  the  mouth,  which  are  therefore  disabled.  Sir 
Charles  Bell,  in  cutting  a  tumor  from  before  the  ear  of  a 
coachman,  divided  this  branch  of  the  nerve.  Shortly  after,  th« 
man  thanked  him  for  curing  him  of  a  formidable  disease, 
but  complained  that  he  could  no  longer  whistle  to  his  horses. 

247.  The  eye  has  six  different  nerves,  each  for  a  different 
service.  1.  The  optic  nerve.  This  has  nothing  to  do  with  the 
motions  or  the  common  sensations  of  the  eye.  Its  sole  office  is 
to  transmit  impressions  from  the  images  formed  in  the  eye  to 
the  brain.  2.  A  nerve  of  common  sensation,  Iw  which  any  irri- 
tation in  the  eye  is  felt  3.  A  nerve  which  is  distributed  to  the 
muscles  of  the  eye  generally,  and  to  no  other  parts  of  this  organ. 
4.  A  nerve  which  goes  to  one  particuLir  muscle,  one  of  the  oblique 
muscles  of  the  eye.  It  is  an  involuntary  muscle  which  performs 
the  insensible  rolling  motions  of  the  eyeball,  and  is  associated 
with  the  muscles  of  expression  in  the  countenance  by  means  of 
nervous  connections.  5.  A  nerve  which  goes  to  another  single 
muscle,  which  turns  the  eye  outward.  0.  A  branch  of  the 
respiratory  nerve,  which  regulates  the  motion  of  the  eyelids, 
and  has  much  to  do,  therefore,  with  the  expression  of  the  coun- 
tenance. To  this  small  organ,  then,  are  distributed  six  different 
nerves,  each  having  its  distinct  office,  and  its  separate  origin  in 
the  brain.  IIoW  various  are  the  transmissions  through  these 
nerves,  and  how  nicely  adjusted  must  all  the  parts  of  this 
complicated  apparatus  be,  that  each  may  perform  its  office 
without  interference  with  the  rest ! 

248.  I  have  already  alluded  incidentally  to  the  fact,  that  one 
nerve  may  be  paralyzed,  and  others  distributed  to  the  same 
parts  may  be  entirely  unaffected.  Thus  the  nerve  of  expression 
in  the  face  may  be  paralyzed  alone,  the  face  retaining  its  usual 
sensibility  and  its  power  of  i)erforming  other  motions  than  those 
of  expression,  as  mastication,  because  the  nerves  of  common 
sensation  and  of  common  motion  are  untouched  by  the  disease. 
So,  too,  in  the  nerves  which  go  out  from  the  spinal  marrow, 
composed  of  tubuli  of  motion  and  sensation  mingled  together, 
one  set  of  the  tubuli  may  be  affected  while  the  other  is  not ; 
for  in  paralysis  it  is  often  the  case  that  the  sensibility  remains 
whili?  the  power  of  motion  is  gone,  and  vice  versa.  Sir  Charles 
Bell  relates  an  interesting  case,  in  which  the  paralysis  was 
different  on  the  two  sides  of  the  body.     A  mother  was  seized 

^th  a  paralysis,  in  which  there  was  a  loss  of  muscular  power 
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oo  one  side,  and  a  losa  of  senBibility  on  the  other.  She  could 
koM  her  child  with  the  arm  of  the  eido  which  retained  iU 
power  of  motion  but  had  lost  its  sensibility.  But  she  could  do 
it  only  when  she  was  looking  at  it  She  could  not  ftel  her 
diild  on  the  arm,  and  therefore  when  her  attention  was  drawn  ' 
to  any  thing  clso,  and  she  ceased  to  have  her  eyes  fixed  on  the 
child,  the  muscles  having  no  overseer,  as  we  may  say,  to  keep 
them  at  work,  were  relaxed  at  once,  and  the  child  would  fall 
from  her  arm.  In  this  case,  bound  up  in  the  same  sheaths  were 
two  sets  of  tubuli,  one  set  of  which  were  useless  in  the  nerves 
on  one  side  of  the  body,  and  the  other  set  were  useless  in  the 
nerves  of  the  other  side. 

249.  We  should  suppose  that  there  would  be  a  difference  in 
the  construction  of  the  nerves,  corresjionding  with  the  different 
uses  to  which  they  are  devoted.  But  it  is  not  so.  The  micro- 
aoope  shows  us  that  the  nerves  of  motion  and  of  common  and 
special  sensation  are  all  alike  in  their  structure,  and  chemistry 
shows  us  that  they  are  alike  also  in  their  composition.  Tlio 
question  arises,  then,  why  the  impression  producing  motion  can 
not  be  transmitted  by  the  same  nerve  with  the  impression 
causing  sensation.  The  reason  is  evidently  not  to  be  found  in 
the  nervous  trunk  itself,  as  this  is  the  same  in  all  cases.  It  is 
in  the  circumstances  of  the  two  €nd%  of  the  nerve — that  which 
b  in  the  ner\'ous  centre  from  whence  it  arises,  and  that  which 
is  expanded  in  some  part  of  the  body.  You  can  see  at  once 
that  the  nervous  tubuli  which  end  in  the  fibres  of  a  muscle 
can  not  transmit  sensation  to  the  brain  from  the  skin  over  the 
muscle,  l>ecause  they  do  not  go  to  the  skin  at  all.  Tliere  are 
other  tubuH  that  are  distributed  there  for  that  purpose,  mingled 
indeed  in  most  cases  with  the  tubuli  for  motion,  but  yet  kept 
entirely  distinct  from  them.  And  besides,  there  is  probably 
something  in  the  mode  of  arrangement  of  the  extremities  of  a 
nen*e  of  sensation,  which  differs  from  that  which  exists  in  the 
distribution  of  a  nerve  of  motion,  so  as  to  make  it  impossible 
frr  a  nerve  of  motion  to  receive  the  impression  producing  sen- 
sation, even  where  the  impression  is  made  directly  upon  the 
muscle  itself.  There  is  also  probably  a  different  ending  of  the 
nerves  of  sensation  and  motion  in  the  nervous  centre,  the  brain, 
or  spinal  marrow,  that  makes  the  one  kind  incapable  of 
performing  the  duties  of  the  other  kind. 

250.  There  have  been  many  hypotheses  in  regard  to  the 
action  of  the  nerves.  The  most  common  theorji^  even  up  to 
modern  times,  was  this — that  the  brain  is  not  only  the  great 
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centre  of  the  nervous  system,  but  its  central  workshop,  as  ^e 
maj  express  it,  and  that  in  it  is  secreted  a  nervous  fluid,  which 
is  distributed  through  all  the  body  by  the  nerves,  they  being, 
as  it  was  supposed,  bundles  of  conduit-pipes.  This  fluid  was 
supposed  to  move  back  and  forth  in  the  nerves,  going  outwards 
towards  tlie  extremities  of  the  nerves  to  excite  motion,  and 
going  inward  to  the  brain  to  convey  the  sensation  of  external 
impressions.  This  theory  has  been  exploded  by  the  researches 
of  Sir  Charles  Bell  and  others,  and  during  the  last  half  century 
important  and  numerous  discoveries  have  been  made,  in  rela- 
tion to  the  functions  of  different  parts  of  the  nervous  apparatus. 
And  though  there  are  many  things  iu  this  system,  which  links 
the  sj>iritual  with  the  physical,  that  we  shall  never  understand, 
the  bounds  of  our  knowledge  in  regard  to  it  are  undoubtedly 
to  be  largely  widened  by  future  researches. 

251.  It  is  a  favorite  idea  with  some  physiologists  that  nerve- 
force,  as  it  is  termed,  is  identical  with  electricity,  and  that  the 
nervous  system  is  therefore  a  sptem  of  electrical  batteries,  with 
an  apparatus  for  a  sort  of  telegraphic  communications.  They 
ground  their  opinion  upon  the  fact,  that  a  current  of  electricity 
passed  along  nerves  may  produce  motion  or  sensation,  accord- 
ing to  the  character  of  the  nerve  through  which  it  is  passed, 
and  also  upon  the  analogy  which  exists  between  nerve-force 
and  electricity  in  the  instantaneous ness  of  their  transmission. 
But  facts  and  experiments  have  wholly  disproved  this  alleged 
identity.  Some  of  these  I  will  briefly  relate.  Mechanical  and 
chemical  stimuli  produce  the  same  nervous  action  that  elec- 
tricity does.  This  shows  that  the  electricity  acts  merely  as  a 
stimulus  to  wake  up  the  nerve-force,  instead  of  being  that  force 
itself.  Experiments  have  been  tried,  to  detect,  if  possible,  the 
existence  of  an  electrical  current  in  a -nervous  trunk  while  the 
parts  to  which  it  is  distributed  were  in  action,  but  in  vain. 
Thus,  Prof.  Matteucci  laid  bare  the  large  nerve  of  the  leg  of  a 
horse,  and  although  by  irritating  its  roots  he  excited  powerful 
action  of  the  muscles  of  the  leg,  the  instrument  in  oonneeUon 
with  the  nerve  was  entirely  unafiected,  though  it  was  so  ex- 
tremely dclicjite  that  it  would  indicate  an  infinitesimally  small 
disturbance  of  the  electrical  equilibrium.  Again,  a  ligature  put 
around  a  nerve  will  by  its  compression  prevent  nervous  trans- 
mission through  it,  but  will  not  hinder  the  passage  of  an  elec- 
trical current.  Still  again,  if  a  piece  of  a  nerve  be  cut  out,  and 
some  goo<ik  conducting  substance  be  introduced  in  its  place, 
electricity  will  pass,  but  there  can  be  no  transmission  of  nerve 
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fiMoe  to  the  parts  below  the  division.  Besides  all  tliis,  nerve- 
force  differs  from  electricity  in  the  fact  that  it  can  be  confined 
to  the  ner\'ous  trunk,  or  even  to  a  small  portion  of  the  trunk,  as 
when  a  motion  »  very  limited  in  extent ;  while  electricity  not 
only  passes  through  tlie  whole  trunk,  to  all  the  parts  to  which 
the  nen'e  is  distributed,  but  is  diffused  in  the  parts  around  it. 
Thus,  if  an  electrical  current  bo  pitsscd  throur^h  the  main  nervf^ 
of  the  Umb  of  an  animal,  it  will  go  throu^^h  every  branch 
of  that  nerve,  and  cause  all  the  muscles  of  the  limb  to  contract ; 
but  nerve-force  may  be  so  ini^ulatod  in  a  small  portion  of  the 
nerve,  that  a  single  toe  may  be  moved  alone.  And  some  of  the 
electricity  will  be  diffused  at  once  in  the  muscles  and  other 
parts  around  the  trunk  of  the  nerve  before  it  reaclu^  any  of  the 
branches  tliat  go  off  from  it.  Indeed,  the  muscles  are  much 
better  conductors  of  electricity  than  the  nerves,  which  should 
not  be  if  the  nerves  were  ])nrticuhirly  designed  for  its  transmis- 
ftion,  as  the  hypothesis  would  claim.  And  both  muscles  and 
nerves  are  nothing  like  as  good  conductors  as  a  common  copper 
wire. 

252.  We  have  thus  far  contemplated  nervous  action,  for 
the  most  part,  only  in  two  forms — as  producing  sensation 
and  voluntary  motion.  In  sensation  the  action  is  from,  the 
extremity  of  the  nerve  to  the  nervous  centre ;  but  in  motion  it 
ifl  from  the  centre  to  the  extremities  of  the  nerves,  as  they  are 
expanded  among  the  fibres  of  the  nmscles.  This  voluntary 
motion,  you  see,  may  arise  in  consequence  of  sensation,  as 
when  you  withdraw  the  liand  from  the  fire,  if  the  heat  be 
painful;  or  it  may  o^rur  without  a  ]irocoding  sensation,  as 
when  the  thinking  mind  wills  to  pi.*rfonn  cerUiin  motions  for 
effecting  some  purpose.  In  either  case  it  is  supposed  that  the 
gray  vesicular  or  cellular  snbsUiiice  of  the  brain  is  in  immediate 
connection  with  the  mind,  and  that  the  white  tubular  matter 
of  the  brain  and  the  nerves  serves  only  for  transmission.  That 
is,  both  in  sensation  and  motion  the  effective  physical  agency  is 
in  the  vesicular  gray  substance.  This  is  the  working  part  of 
the  telegraphic  aj^puratus  of  the  mind,  while  the  innumerable 
tubuh  of  the  white  matter  of  the  bniin  and  nerves  are  the 
communicating  wires. 

253.  Much  of  the  muscular  motion  of  the  body  is  prciduced 
without  the  ajxency  of  the  will,  and  sometimes  even  in  opj»o- 
eition  to  it.  This  is  true  of  the  motions  caused  by  emotions  in 
the  mind.  For  example,  the  muscular  motions  in  sobbing  and 
ID  laughing  often  occur  in  opposition  to  the  strong  action  of  the 
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will..  In  this  case,  the  emotion  producv^s  its  effect  upon  the  gray 
vesicular  substance,  and  from  this  the  impression  is  transmitted 
through  the  -nerves  to  the  muscles. 

254.  There  are  some  common  motions  which  are  performed 
to  a  greater  or  less  extent  without  the  agency  of  the  will.  The 
muscles  which  j>erform  them  are  called  involuntary  muscles. 
The  muscles  of  respiration,  for  example,  ordinarily  act  without 
our  willing  them  to  do  so.  If  they  did  not,  respiration  would 
stop  when  we  sleep,*  or  become  stopped  from  disease.  But  the 
will  can  quicken  these  muscles  in  their  action.  They  are 
therefore  not  wholly  involuntary.  But  there  are  some  purely 
involuntary  muscles.  The  muscular  coat  of  the  stomach,  which 
I  spoke  of  in  the  Chapter  on  Digestion,  as  being  constantly  in 
motion  when  the  stomach  is  filled  with  food,  is  of  this  diar- 
acter.  No  effort  of  the  will  can  quicken  or  retard  the  action  of 
this  muscle.  That  exceedingly  compound  muscular  engine, 
the  heart,  is  a  collection  or  arrangement  of  purely  involuntary 
muscles.  No  effort  of  the  will  can  directly  influence  its 
motions,  though  it  may  do  it  indirectly,  by  so  directing  the 
thoughts  as  to  awaken  emotions  ciilculated  to  produce  this 
effect.  That  beautiful  circular  curtain  in  the  eye,  the  iris,  has 
the  size  of  its  circular  opening,  the  ))upil,  controlled,  as  you  will 
see  in  the  Chapter  on  the  Eye,  by  an  involuntary  muscle. 

By  what  agency,  you  will  inquire,  are  these  involuntary 
motions  produced  ?  The  answer  to  this  question  will  open  to 
you  a  new  view  of  the  nervous  system. 

255.  I  have  already  alluded  to  the  two  roots  which  unite  to 
make  up  each  nerve  that  comes  from  the  spine.  One  of  these 
roots  is  composed  of  tubuli  through  which  impressions  are 
transmitted  to  the  spinal  marrow ;  and  the  other  contains 
tubuli,  through  which  an  impression  is  transmitted  from  the 
spinal  marrow  to  the  muscles,  causing  them  to  contract.  Each 
nerve,  then,  coming  from  the  sj>ine,  is  made  up  of  two  distinct 
nerves,  or  two  distinct  sets  of  tubuli.  One  of  these  is  called  an 
excitor  nerve,  the  other  a  motor  nerve.  In  the  case  of  the 
muscles  of  respiration,  every  time  that  they  act,  the  process  is 
this — an  impression  is  transmitted  from  the  lungs  through  an 
excitor  nerve  to  the  spinal  marrow,  the  gray  vesicular  substance 
there  responds  to  this  impression,  and  sends  in  consequence  an 
impression  by  a  motor  nerve  to  the  muscles.  So  in  the  case 
of  the  iris,  which  contracts  to  prevent  too  much  light  from 
entering  the  eye,  tlie  light  as  it  strikes  the  retina  produces  an 
impression,  which  is  transmitted  through  an  excitor  nerve,  aod 
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in  consequence  another  irapreesion  is  transmitted  through  a 
motor  nerve  to  the  iris.  So  also,  the  presence  of  food  in  the 
stomach  produces  an  impression  which  is  transmitted  through 
the  excitor  nerve,  and  another  impression  is  returned  through 
the  motor  nerve,  exciting  the  muscular  coat  to  action.  And  in 
the  act  of  swallowing  an  impression  is  transmitted  from  the 
food  thrust  back  into  the  throat,  and  then  impressions  are 
returned  to  the  many  muscles  engaged  in  this  compound  act, 
(§  78).  The  action  of  the  nerves  illustrated  by  these  examples 
is  termed  their  reflex  action,  because  the  impression  transmitted 
by  one  nerve  to  the  spinal  marrow  is  reflected  from  it  by 
another. 

256.  You  see  that  I  use  the  rather  indefinite  word,  imprea- 
'Sion^  in  relation  to  the  transmissions  through  the  nerves.  It  is 
the  best  word  that  can  be  employed,  because  although  some- 
thing is  transmitted,  we  know  not  what  that  something  is. 
The  result  of  the  transmission  is  different  in  the  excitor  nerve 
firom  what  it  is  in  the  motor  ner\'e.  The  result  differs  also  in 
the  excitor  nerves  according  to  circumstances.  In  some  cases 
it  is  accompanied  with  actual  sensation,  while  in  others  it  is 
not  That  is,  the  brain  sometimes  participates  in  the  result, 
and  sometimes  it  is  confined  to  the  spinal  marrow.  Thus,  in 
the  act  of  respiration,  the  impression  carried  from  the  lungs  by 
the  excitor  nerves  comes  from  the  presence  of  dark  blood  in  the 
lungs.  Ordinarily,  a  mere  impression,  and  nothing  like  sen- 
sation, is  transmitted.  The  respiratory  muscles,  most  of  the 
time,  go  on  to  do  their  work,  in  obedience  to  the  impres- 
sions communicated  from  the  lungs,  without  the  process  being 
recognized  by  the  mind.  But  when  there  is  embarrassment 
in  the  lungs,  the  quiet  process,  carried  on  through  the  agency 
of  the  spinal  marrow  alone,  is  not  adequate  to  meet  the  exi- 
gency. In  some  way,  the  brain  becomes  a  partv  in  the  ope- 
ration. The  act  of  breathing  is  now  accompanied  with  i>os- 
itive  sensations,  and  there  is  a  mixture  of  voluntary  and 
involuntary  muscular  action.  So,  also,  the  ordinary  movements 
of  the  stomach  are  attended  with  no  positive  sensations.  That 
is,  there  is  no  transmission  to  the  brain  of  any  impressio!i  of 
which  the  mind  takes  cognizance.  But  if  there  be  disturbance 
there,  and  extraordinary  movements  are  produced,  then  cogni- 
zance is  tjiken  of  them,  and  sensations  of  various  kinds  result. 

257.  The  spinal  marrow,  in  relation  to  the  involuntary 
muscles,  seems  ordinarily  to  be  in  a  great  measure  independent 
of  the  brain ;  while  on  the  other  hand,  in  relation  to  voluntary 
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motion  and  sensation,  it  forms  the  chain  of  communication  be- 
tween the  brain  and  the  moving  and  sentient  parts.  In  this 
respect  the  dependence  is  perfect  In  injuries  of  the  spine, 
therefore,  the  extent  of  the  loss  of  the  power  of  motion  and  of 
sensibility  depends  on  the  nearness  of  tlie  injury  to  the  brain. 
The  higher  up  the  injury  is,  the  larger  is  the  number  of  nerves 
whose  connection  with  the  brain  is  cut  oS^  and  therefore  the 
greater  is  the  extent  of  body  rendered  insensible  and  motionless. 

258.  The  spinal  marrow  then  performs  two  separate  functions 
—one,  in  producing  involuntary  motion,  as  an  organ  by  itself; 
and  another,  as  an  organ  in  connection  with  the  brain,  in  the 
production  of  voluntary  motion  and  sensation.  The  arrange- 
ment, by  which  it  does  two  things  which  are  so  different  from 
each  other,  will  be  clear  to  you,  if  you  bear  in  mind  the  fact, 
that  the  spinal  marrow,  like  the  brain,  is  composed  of  the  two 
nervous  substances,  the  white  tubular,  and  the  gray  vesicular  sub- 
stance. When  the  spinal  marrow  acts  as  a  mere  medium  of 
communication  for  the  brain,  the  transmission  is  made  directly 
throuf^h  the  tubes  of  the  white  substance  to  and  from  the  brain 
— to  the  brain  in  sensation,  and  from  it  in  voluntary  motion. 
Thus,  when  a  sensation  is  felt  in  the  foot,  the  impression  made 
there  is  transmitted  through  the  nerve  to  the  spinal  marrow, 
and  up  through  the  white  part  of  this  organ  to  the  brain.  It 
touches  none  of  the  gray  substance  of  the  spinal  marrow,  but 
goes  to  the  gray  substance  of  the  brain.  And  when  the  foot  is 
moved,  an  impression  is  returned  from  the  Wain  through  the 
white  part  of  the  spinal  marrow,  and  then  through  the  nerve 
which  goes  from  it  to  the  muscles  that  move  the  foot  But,  on 
the  other  hand,  when  the  spinal  marrow  acts  by  itself,  inde- 
pendently of  the  brain,  producing  what  is  called  reflex  action, 
(§  255,)  the  impressions  that  are  transmitted,  some  of  them 
begin,  and  some  end  in  the  gray  substance  of  the  spinal 
marrow.  The  impression  on  an  excitor  nerve  ends  there,  and 
the  impression  on  a  motor  nerve  begins  there,  the  latter  result- 
ing from  the  former,  except  when  motion  is  produced  by  dis- 
ease in  the  spinal  marrow  itself.  Thus,  in  breathing,  as  de- 
scribed in  §  255,  an  impression  goes  from  the  lungs  through 
excitor  nerves  to  the  gray  substance,  and  that  is  the  end  of  it ; 
but  another  impression  begins  there  as  a  result  of  it,  and  is 
transmitted  to  the  involuntary  muscles  moving  the  chest 

2^9.  One  marked  distinction  between  the  brain  and  spinal 
marrow  is,  that  the  brain  has  its  intervals  of  rest;  but  the 
fanctioDB  of  the  spinal  marrow  never  cease  for  a  moment  as 
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long  as  life  continues.  In  sleep  the  brain  is  more  or  less  at 
rest,  and  it  is  in  a  state  of  entire  torpor  when  the  sleep  is  pro- 
found. But  during  sleep  the  heart  beats,  the  respiratory 
muscles  work  the  chest,  and  the  muscular  coat  of  the  stomacn 
chums  the  food  if  there  be  any  there.  For  these  motions,  with 
many  others,  are  dependent  upon  the  spinal  marrow,  and  not 
upon  the  brain;  and  so,  while  the  brain  sleeps,  the  spinal, 
marrow  keeps  up  the  operations  of  the  system  that  are  cs.sential 
to  the  continuance  of  life,  in  the .  manner  described  in  §  255. 
80,  also,  in  apoplexy,  when  the  brain  is  t<3rpid  from  the 
pressure  of  blood,  the  spinal  marrow,  being  unaffected,  keeps  up 
the  functions  of  those  organs  which  are  dependent  upon  it 
But  besides  tlie  motions  that  I  have  mentioned,  as  being  kept 
up  by  the  spinal  marrow,  when  the  brain  is  torpid  from  any 
cause,  there  are  other  motions  which  can  be  excited  by  stimu- 
lating nerves  that  are  connected  with  the  spine.  For  example^ 
the  act  of  swallowing  can  be  produced  by  pouring  a  liquid  into 
the  mouth,  and  motion  can  be  produced  in  the  muscles  of  a 
limb  by  irritating  the  limb  at  different  points.  If  you  cut  off 
the  head  of  a  frog,  and  thus  destroy  all  sensibility,  you  can 
produce  movements  in  his  limbs  by  irritating  them.  You 
can,  indeed,  make  the  whole  body  to  move  together,  by 
producing  irritation  at  many  points  at  the  same  time.  So,  too, 
if  a  man  be  paralyzed  in  his  lower  limbs  by  a  blow  upon 
the  spinal  column,  these  parts,  which  he  cannot  move  by  his 
will,  can  be  excited  to  motion  by  irritation  with  electricity 
or  other  agents. 

260.  The  motions  of  the  muscles  in  convulsions  are  pro- 
duced by  the  agency  of  the  spinal  marrow.  The  irritation 
causing  them  sometimes  exists  in  the  spinal  marrow  itself 
being  the  result  of  disease  there.  But  commonly  the  irritation 
is  in  some  other  part  of  the  system,  and  it  produces  the  con- 
yulsive  movements  by  sending  an  impression  through  excitor 
nerves  to  the  spinal  marrow,  to  be  reflected  back  through  the 
motor  nerves,  as  described  in  §  255.  The  brain  during  the 
convulsion  is  in  a  torpid  state,  the  individual  being  uncon- 
scious. That  the  brain  is  involved  to  some  extent  in  the  con- 
Tulsion  is  very  clear,  and  sometimes  the  cause  of  the  convul- 
sion 18  in  this  organ.  But  it  is  probable  that  the  convulsive 
movements  are  directly  dependent  on  the  spinal  marrow,  and 
that  even  when  the  cause  is  in  the  brain,  it  is  by  the  action  of 
the  spinal  marrow,  sympathizing  with  and  affected  by  the 
diseased  brain,  that  the  convulsion  is  produced.     And  when 
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the  cause  is  in  some  other  part,  as  in  the  irritation  of  teethiqg 
or  indigestion,  the  impression  is  sent  directly  to  the  spinal 
marrow,  and  is  reflected  from  it  to  the  muscles,  the  brain  being 
only  secondarily  affected. 

261.  It  is  worthy  of  remark,  that  in  convulsions  there  is  a 
purely  involuntary  action  of  muscles,  that  are  ordinarily  under 
the  control  of  the  will.  How  is  this  ?  How  are  they  taken 
away  from  the  usual  control  of  the  will  so  suddenly  and  so 
entirely  ?  It  is  not  possible  that  any  temporary  new  connec- 
tions can  be  established  all  at  once  by  the  disease,' — that  thei^ 
is,  to  use  illustrations  of  a  familiar  character,  a  sort  of  unship- 
piDg  of  the  usual  connection,  and  a  hitching  on  of  another  foif 
the  time  being,  or  a  switching  off  from  one  track  on  to 
another.  These  voluntary  muscles  must  have  all  the  time  a 
connection  with  the  gray  substance  of  the  spinal  marrow,  just 
as  the  involuntary  muscles  have,  only  it  is  not  as  intimate  and 
extensive.     If  it  were  not  so,  they  could  not  act  occasionally  as 

.  involuntary  muscles.  Being  thus  connected  with  the  gray 
*  substance,  both  in  the  brain  and  spiual  marrow,  when  they 
act  in  obedience  to  the  will,  the  impression  exciting  their  ao- 
tion  comes  to  them  from  the  gray  substance  in  the  brain 
through  the  white  part  of  the  spinal  iparrow ;  but  when  they 
act  involuntarily,  the  impression  comes  from  the  gray  sub- 
stance in  the  spinal  marrow,  and  not  from  the  brain. 

262.  I  may  remark  farther,  that  the  voluntary  muscles  act 
involuntarily  more  often  than  is  commonly  supposed.  As 
already  stated,  (§  250)  in  animals,  from  which  the  head  has 
been- removed,  the  voluntary  muscles  can  be  excited  to  involun- 
tary action,  resembling  voluntary  movements,  although  of 
course  with  the  removal  of  the  head  were  destroyed  all  sensa- 
tion and  all  exercise  of  the  will.  And  in  the  case  of  the  man 
paralyzed  by  injury  in  the  back,  alluded  to  also  in  §  259,  in- 
voluntary movements  can  be  excited  in  the  voluntary  muscles. 
A  pigeon,  whose  cerebrum  had  been  removed,  would  fly  when 
thrown  into  the  air,  would  run  when  it  was  pushed,  and  would 
drink  when  its  beak  was  put  into  water.  There  was  no  sensi- 
bility and  no  will  in  this  case,  for  they  can  not  be  without  the 
cerebrum.  The  movements  were  involuntary,  though  per- 
formed by  voluntary  muscles.  Now  as  these  facts  prove  that 
voluntary  muscles  are,  through  their  connection  with  the  spinal 
marrow,  capable  of  acting  as  involuntary  muscles  also,  the 
question  arises,  whether  they  do  not  much  of  the  time  act  in 
part  as  involuntary  muscles,  and  sometimes  wholly  so.    Thai 
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this  is  tho  case,  a  little  reflection  will  show.  When  we  are 
walking  we  use  voluntary  muscles.  But  manifestly  a  distinct 
act  of  the  will  is  not  put  forth  for  every  motion  performed 
in  walking.  The  mind  may  be  at  the  same  time  fixed  upon 
something  else ';  and  there  seems  ordinarily  to  be  only  an  oc- 
casional action  of  the  will,  as  when  we  change  our  course,  or 
when  some  obstacle  is  in  the  way,  requiring  a  variation  from 
the  regular  consecutive  series  of  movements.  There  is  a  dis- 
tinct action  of  the  will  when  the  movements  begin  ;  but  after 
this  the  motions  seem  for  the  most  part  almost  automatic,  and 
are  probably  produced  Cy  the  refiex  action  of  tho  spinal  mar- 
row, the  will  interfering  only  when  occasion  requires.  This  is 
more  manifestly  the  case  when  one  is  walking  in  a  reveiie,  and 
perhaps  finds  himself  on  awaking  from  it,  in  a  different  place 
from  that  to  which  he  liad  willed  to  go.  It  is  as  if  the  brain 
Bet  the  machinery  of  the  limbs  to  work,  and  then  delivered  it 
over  to  the  care  of  the  spinal  marrow,  interfering  only  when  it 
needs  to  do  so  to  meet  some  difficulty,  or  when  it  wishes  to. 
give  a  new  direction  to  the  movement,  or  to  stop  it.  And  in 
a  reverie,  the  brain  occupied  with  other  things,  neglects  even 
to  exercise  this  superintendence,  and  leaves  the  machinery 
wholly  to  the  guidance  of  the  spinal  marrow.  The  same  re- 
marks can  be  made  in  regard  to  other  motions,  as  in  speaking, 
singing,  playing  on  an  instrument,  &c.  In  all  these  cases  the 
voluntary  muscles  act  in  some  measure  involuntarily,  being 
governed  by  an  association  in  their  action  which  is  far  from 
being  wholly  dependent  upon  the  brain,  and  the  direction  of 
the  will.  I  shall  recur  to  this  point  again,  when  I  come  to 
tre^  of  the  connection  between  the  mind  and  the  body. 

263.  Many  experiments  have  been  tried  upon  animals  in 
reference  to  the  functions  of  the  brain,  and  of  the  spinal  mar- 
row. I  have  already  alluded  to  some  of  them.  It  was 
formerly  supposed,  that  the  brain  was  the  only  centre  of  nerv- 
ous power,  and  that  it  was  immediately  essential  to  the  pre- 
servation of  life.  But  these  experiments  have  shown  that  this 
is  hi  from  being  the  truth.  The  brain,  it  has  been  found,  has 
nothing  to  do  directly  with  the  maintenance  of  life.  Animals 
live  for  some  time  afi^er  the  brain  is  destroyed.  A  pigeon  was 
kept  alive  for  some  months  after  its  cerebrum  was  removed. 
Its  condition  was  very  much  like  that  of  a  man,  the  functions 
of  whose  cerebrum  are  suspejided  by  the  pressure  of  a  frac- 
tured portion  of  the  skull.  Although,  like  him,  the  animal 
had  lost  all  sensation  and  voluntary  motion,  yet,  like  him,  it 
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oontinued  to  breathe,  and  its  heart  continued  to  beat  Of 
coarse  so  extensive  an  injury  of  so  important  an  organ  will  at 
length  cause  death ;  but  lite  continues  long  enough  in  bucH 
cases  to  show,  that  tliis  organ  is  not  immediately  essential  to 
its  continuance.  The  functions  most  essentilal  to  life,  the 
respiration  and  circulation,  are,  as  you  have  seen,  kept  up  by 
the  spinal  marrow.  Tlie  very  upper  part  of  tliis  organ  is  espe- 
cially devoted  to  this  purpose.  You  may  take  out  the  brain 
of  an  animal,  and  destroy  all  its  spinal  marrow,  except  this 
upper  portion  of  it,  and  the  animal  will  still  breathe,  and  its 
heart  will  beat  But  if  you  destroy  jilst  this  small  portion  of 
the  spinal  marrow,  though  you  leave  the  rest  of  it  and  the 
brain  untouched,  the  animal  will  die  at  once  from  the  cessa- 
tion of  the  respiration  and  the  circulation.  In  the  Spanish 
bull-fight,  when  the  matadore  at  length  kills  the  animal,  by 
adroitly  piercing  the  spine  in  the  back  of  the  neck,  he  inllicts 
his  wound  u])on  this  upper  part  of  the  spinal  marrow. 
.  264.  If  after  cutting  oti'  the  head  of  a  frog,  you  divide  the 
spinal  marrow  in  the  back,  you  can  produce  involuntary  mo- 
tions in  both  the  upper  and  lower  extremities.  But  you  can  not 
produce  them  at  the  Hame  time  in  botli  together,  tor  the  divi- 
sion of  the  spinal  marrow  in  the  back  separates  it  into  two 
independent  parts.  When,  therefore*,  you  irritate  the  upper 
extremities,  the  motion  is  confined  to  th<.'m,  and  the  lower  ex- 
tremities are  quiescent.  And  if  you  irritate  the  lower  extrem- 
ities, tlie  motion  produced  there  does  not  extend  to  the  upper. 
The  division  can  be  carried  much  farther  with  similar  results. 
If  the  spinal  marrow  be  divided  above  and  below  where  a  pair 
of  nerves  is  given  otf,  so  as  to  separate  this  point  wholly  ^m 
tlie  rest  of  the  nervous  system,  the  retlex  action  can  be  excited 
in  the  nerves  connected  with  this  points  That  is,  an  irritation 
of  the  parts  supplied  by  the  excitor  nerve  of  this  little  segment 
of  the  spinal  marrow  will  produce  an  impression  in  that  seg- 
ment, which  will  be  reflected  by  the  motor  nerve  to  the 
muscles.  The  gray  substance  of  the  spinal  marrow  may,  there- 
fore, be  regarded  as  a  chain  of  little  brains,  in  some  measure 
separate  from  eacli  other.  But  while  there  are  thus  many 
centimes  of  reflex  action,  there  is  only  one  centre  of  sensation 
.  and  voluntary  motion,  and  that  centre,  the  brain,  is  connoted 
with  the  mind.  Some  physiologists  have  maintained  that 
there  is  sensation  independent  of  the  brain;  but  it  may  be 
considered  as  most  abundantly  "proved,  that  it  is  through  the 
turain  alone  that  the  mind  feels  and  acts,  or  rather  uat  we 
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Jmow  nothing  in  this  world  of  a  sentient  and  acting  mind 
existing  without  a  brain. 

265.  The  system  of  nerves  which  we  have  been  examining 
is  termed  the  cerebrospinal,  from  its  two  great  central  organs, 
the  brain  and  spinal  marrow.  But  there  is  another  nervous 
system,  the  functions  of  which  are  involved  in  much  mystery. 
It  is  called  the  system  of  the  great  sympathetic,  or  the  sympa- 
thetic system.  Sometimes  it  is  called  the  nervous  system  of 
organic  life,  because  it  is  so  intimately  and  extensively  con- 
nected with  the  nutritive  processes ;  while  the  system  that  we 
have  been  considering  is  called  the  nervous  system  of  animal 
life,  because  it  regulates  the  functions  peculiar  to  animals  in 
distinction  from  plants,  sensation,  and  spontaneous  motion. 
While  the  sympathetic  system  is  thus  connected  with  the 
nutritive  processes,  it  is  also  supposed  to  be  the  means  of  efiect- 
ing  the  sympathetic  connection  between  different  parts  of  the 
body,  and  to  act  as  the  medimn  by  which  the  passions  and 
emotions  of  the  mind  produce  their  effects  upon  the  functions 
of  th0  different  organs.  In  this  system  there  are  many  gang- 
lions or  little  brains,  which  communicate  with  each  other  by 
nerves.  There  is  a  chain  of  them  along  in  front  of  the  spinal 
column,  and  there  are  two  quite  large  ones  in  the  abdomen. 
This  system  has  connections  everywhere  with  the  cerebro-spinaL 
The  purposes  aimed  at  in  the  particular  arrangements  of  this 
system  are  as  yet  but  little  understood,  and  we  probably  never 
shall  know  as  much  about  it  as  we  shall  about  the  cerebro- 
spinal system.  The  arrangement  of  the  sympathetic  system 
differs  very  materially  from  the  ccrebro-spinal.  It  is  a  single 
system,  and  has  no  symmetrical  arrangement,  while  the 
eerebro-spinal  has  throughout  two  halves  which  are  precisely 
alike. 

I  have  thus  described  the  arrangements  and  functions  of  the 
tiervous  system  to  such  an  extent,  as  will  prepare  you  for  the 
consideration  of  those  subordinate  organs,  by  which  the  pur- 
poses of  this  system  are  accomplished.  After  treating  of  the 
organs  of  locomotion,  the  voice,  and  the  senses,  I  shall  call  your 
attention  again  to  this  system,  presenting  some  views  of  its 
uses  and  connections,  which  you  will  then  be  better  prepared 
to  understand. 

15 
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CHAPTER  XI 

THEB0XB3. 

260.  The  bones  furnisb  the  points  of  support  and  attach- 
ment for  the  muscles  which  move  the  different  parts  of  the 
body.  They 'are,  therefore,  the  passive  instruments  of  loco- 
motion. I  treat  of  the  bones  before  the  muscles,  because  you 
"will  then  better  understand  the  action  and  the  arrangement 
of  the  muscles. 

267.  The  bones,  forming  the  framework  of  the  body,  not 
only  furnish  points  of  support  and  attachment  to  the  muscles, 
but  in  many  cases  serve  to  defend  important  organs  from  in- 
jury. Thus,  the  soft  brain  is  thoroughly  secured  from  harm 
by  being  inclosed  in  the  skull ;  and  the  lungs  are  surrounded 
by  walls  of  bone  so  arranged,  as  you  saw  in  the  chapter  on 
liespiration,  that,  while  they  defend  the  lungs  from  external 
violence,  they  secure  a  wide  range  of  motion  for  the  necessary 
expansion  of  these  organs. 

268.  The  bones  are  composed  of  two  parts,  the  earthy  or 
hard  portion,  and  the  animal  portion  which  is  soft  Each  of 
these  portions,  as  was  stated  in  §  60,  can  be  obtained  separate 
from  the  other.  These  two  portions  of  bone  exist  in  different 
relative  proportions  in  the  different  periods  of  life.  In  the 
child  the  animal  portion  predominates,  while  the  mineral 
does  in  old  age.  It  is  a  wise  provision  in  regard  to  the 
child,  for  if  his  bones  were  as  brittle  as  those  of  old  age, 
or  even  as  those  of  middle  life,  they  would  be  often  broken 
in  the  falls  to  which  the  child  in  its  feebleness  and  carelessnen 
is  subjected. 

269.  There  are  some  points  of  interest  in  relation  to  the 
ttructure  of  bone  and  its  growth.  I  stated  in  §  61  that  bone  tt 
generally  formed  in  cartilage,  the  cartilage  being  formed  first  as 
a  mould  for  the  bone.  Bone  is  deposited  in  two  forms,  solid  and 
oellular.  In  the  flat  bones,  as  in  the  skull,  the  cellular  stmo- 
ture  lies  between  two  plates  of  solid  bone.  In  the  long  bones 
the  cellular  'bart  is  at  the  two  e]t<fc,  and  is  covered  with  a 
Uiin  plate  of  solid  bone,  while  the  shaft  is  a  hollow  tube 

the  bone  very  much    condensed.  #   This  arrangement 
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representing 


wen  ia  Fig. 
tbe  thigh-bone  and  the 
arm.  Certain  well  known  n)e<;hanical 
principles  are  observed  in  this  arrange- 
ment. The  bone  would  b«  unueces- 
ntily  hea^  if  it  were  solid  through- 
ouL  Ligfatneas  in  a  moving  limb  is 
of  considerable  importance.  At  the 
■ame  time  strengtli  is  to  be  carefiilly 
provided  for  in  a  bone  which  is  to 
■usUiin  the  weight  of  the  body,  and 
to  which  tlie  large  muscles  of  the 
thigh  are  atUcbt^.  By  having  the 
bone  hollow,  both  of  these  objects, 
lightness  and  firmness,  are  secured. 
The  principles  involved  mo  recognized 
by  the  nrchilect  in  the  construction 
01  pillan,  and  we  see  them  exemplified 
in  tbe  hollow  stalks  of  plants.  TLe 
hollow  pillar  has  more  strength  than 
the  aame  quantity  of  matter  would 
have  if  in  one  compact  mass  ■  and 
the  stalk  which  supports  tbe  full  clus- 
ters of  grain,  would  break  under  its 
load  as  it  moves  back  and  forth  in 
the  wind,  if  it  were  solid  instead  of 
being  hollow.  Biit  the  round  cavity 
of  die  shaft  of  the  bone  does  not 
extend  to  the  ends.  These  are  ne- 
cessarily large,  in  order  to  present  broad  surfaces  for  articu- 
lation with  the  neighboring  bones ;  and  strength  and  liglit- 
uesH  are  secared  in  this  case  by  a  cellular  arrangement  of  the 
bony  matter,  the  outer  pl.ite  of  aoiid  bone  being  comparatively 
thin.  There  is  obviously  more  firmness  in  the  resistance  to 
■hocks  or  pressure,  secured  in  this  way,  than  there  would  be  if 
the  bony  matter  were  all  cousolidaled  into  a  shell  containing  a 
oarity. 

270.  The  round  canal  in  the  shaft  and  tlie  cellular  structure 
at  the  ends  are  tilled  with  nn  oily  substance  called  marroa. 
This,  like  all  other  futty  substances,  is  contained  in  fat  cells,  as 
described  in  tlie  chapter  on  Cell-Life.     The   marrow  is  also 

E resent  in  the  cellular  structure  between  the  plates  of  the  flat 
ones.     Tbe  cavities  and  the  c«Us  in  bones  have  branching 
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motion  and  sensation,  it  forms  the  chain  of  communication  be- 
tween the  brain  and  the  moving  and  sentient  parts.  In  this 
respect  the  dependence  is  perfect  In  injuries  of  the  spine, 
therefore,  the  extent  of  the  loss  of  the  power  of  motion  and  of 
sensibility  depends  on  the  nearness  of  the  injury  to  the  brain. 
The  higher  up  the  injury  is,  the  larger  is  tlie  number  of  nervej 
whose  connection  with  the  brain  is  cut  off,  and  therefore  the 
greater  is  the  extent  of  body  rendered  insensible  and  motionless. 

258.  The  spinal  marrow  then  performs  two  separate  functioas 
—one,  in  producing  involuntary  motion,  as  an  organ  by  itself; 
and  another,  as  an  organ  in  connection  with  the  brain,  in  the 
production  of  voluntary  motion  and  sensation.  Tlie  arrange- 
ment, by  which  it  does  two  things  which  are  so  different  from 
each  other,  will  be  clear  to  you,  if  you  bear  in  mind  the  fact, 
that  the  spinal  marrow,  like  the  brain,  is  composed  of  the  two 
nervous  substances,  the  white  tubular,  and  the  gray  vesicular  sub- 
stance. When  the  spinal  marrow  acts  as  a  mere  medium  of 
communication  for  the  brain,  the  transmission  is  made  directly 
through  the  tubes  of  the  white  substance  to  and  from  the  brain 
— to  the  brain  in  sensation,  and  from  it  in  voluntary  motion. 
Thus,  when  a  sensation  is  felt  in  the  foot,  the  impression  made 
there  is  transmitted  through  the  nerve  to  the  s]>inal  marrow, 
and  up  through  the  white  part  of  this  organ  to  the  brain.  It 
touches  none  of  the  gray  substance  of  the  spinal  marrow,  but 
goes  to  the  gray  substance  of  the  brain.  And  when  the  foot  is 
moved,  an  impression  is  returned  from  the  \)rain  through  the 
white  part  of  the  spinal  marrow,  and  then  through  the  nerve 
which  goes  from  it  to  the  muscles  that  move  the  foot  But,  on 
the  other  hand,  when  the  spinal  marrow  acts  by  itself,  inde- 
pendently of  the  brain,  producing  what  is  called  reflex  a(.<(tion, 
(§  255,)  the  impressions  that  are  transmitted,  some  of  them 
begin,  and  some  end  in  the  gray  substance  of  the  spinal 
marrow.  The  impression  on  an  excitor  nerve  ends  there,  and 
the  impression  on  a  motor  nerve  begins  there,  the  latter  result- 
ing from  the  former,  except  when  motion  is  produced  by  dis- 
ease in  the  spinal  marrow  itself.  Thus,  in  breathing,  as  de- 
scribed in  §  255,  an  impression  goes  from  the  lungs  through 
excitor  nerves  to  the  gray  substance,  and  that  is  the  end  of  it ; 
but  another  impression  begins  there  as  a  result  of  it,  and  is 
transmitted  to  the  involuntary  muscles  moving  the  chest 

2^9.  One  marked  distinction  between  the  brain  and  spinal 
marrow  is,  that  the  brain  has  its  intervals  of  rest;  but  the 
functioDB  of  the  spinal  marrow  never  cease  for  a  moment  as 
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loDg  as  life  continues.  In  sleep  the  brain  is  more  or  less  at 
rest,  and  it  is  in  a  state  of  entire  torpor  when  the  sleep  is  pro- 
found. But  during  sleep  the  heart  boats,  the  respiratory 
muscles  work  the  chest,  and  the  muscular  coat  of  the  stomacn 
chums  the  food  if  there  be  any  there.  For  these  motions,  with 
many  others,  are  dependent  uj)on  the  spinal  marrow,  and  not 
upon  the  brain;  and  so,  while  the  brain  sleeps,  the  spinal, 
marrow  keeps  up  the  operations  of  the  system  that  are  essential 
to  the  continuance  of  life,  in  the. manner  doscril>cd  in  §  255. 
So,  also,  in  apoplexy,  when  the  brain  is  torpid  from  the 
.  pressure  of  blood,  the  spinal  marrow,  being  unaffected,  keeps  up 
the  functions  of  those  organs  which  are  dependent  upon  it. 
But  besides  the  motions  Uiat  I  have  mentioned,  as  being  kept 
up  by  the  spinal  marrow,  when  the  brain  is  torpid  from  any 
cause,  there  are  other  motions  whicli  can  be  excited  by  stimu- 
lAting  nerves  that  are  connected  with  the  spine.  For  example^ 
the  act  of  swallowing  can  be  produced  by  pouring  a  liquid  into 
the  mouth,  and  motion  can  be  produced  in  the  muscles  of  a 
limb  by  irritating  the  limb  at  different  points.  If  you  cut  off 
the  head  of  a  frog,  and  thus  destroy  all  sensibility,  you  can 
produce  movements  in  his  limbs  by  irritating  them.  You 
Can,  indeed,  make  the  whole  body  to  move  together,  by 
producing  irritiition  at  many  points  at  the  same  time.  So,  too, 
if  a  man  be  paralyzed  in  his  lower  limbs  by  a  blow  upon 
the  spinal  column,  these  parts,  which  he  cannot  move  by  his 
wilt,  can  be  excited  to  motion  by  irritation  with  electricity 
or  other  agents. 

260.  The  motions  of  the  muscles  in  convulsions  are  pro- 
duced by  the  agency  of  the  spinal  marrow.  The  irritation 
causing  them  sometimes  exists  in  the  spinal  marrow  itself 
being  the  result  of  disease  there.  But  commonly  the  irritation 
is  in  some  other  part  of  the  system,  and  it  produces  the  con- 
vulsive movements  by  sending  an  impression  through  excitor 
nerves  to  the  spinal  marrow,  to  be  reflected  back  through  the 
motor  nerves,  as  described  in  §  255.  The  brain  during  the 
convulsion  is  in  a  torpid  state,  the  individual  being  uncon- 
scious. That  the  brain  is  involved  to  some  extent  in  the  con- 
vulsion is  very  dear,  and  sometimes  the  cause  of  the  convul- 
sion is  in  this  organ.  But  it  is  probable  that  the  convulsive 
fnovements  are  directly  dependent  on  the  spinal  marrow,  and 
that  even  when  the  cause  is  in  the  brain,  it  is  by  the  action  of 
the  spinal  marrow,  sympathizing  with  and  affected  by  the 
diseased  brain,  that  the  convulsion  is  produced.     And  when 
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the  cause  is  in  some  other  part,  as  in  the  irritation  of  teethiiu[ 
or  indigestion,  the  impression  is  sent  directly  to  the  spinfu 
marrow,  and  is  reflected  from  it  to  the  muscles,  the  brain  being 
only  secondarily  affected. 

261.  It  is  worthy  of  remark,  that  in  convulsions  there  is  a 
purely  involuntary  action  of  muscles,  that  are  ordinarily  under 
the  control  of  the  will.  How  is  this  ?  How  are  they  taken 
away  from  the  usual  control  of  the  will  so  suddenly  and  so 
entirely?  It  is  not  possible  that  any  temporary  new  connec- 
tions can  be  established  all  at  once  by  the  disease,* — ^that  thefe 
is,  to  use  illustrations  of  a  familiar  character,  a  sort  of  unship- 
ping of  the  usual  connection,  and  a  hitching  on  of  another  foi 
the  time  being,  or  a  switching  off  from  one  track  on  to 
another.  These  voluntary  muscles  must  have  all  the  time  a 
connection  with  the  gray  substance  of  the  spinal  marrow,  just 
as  the  involuntary  muscle-s  have,  only  it  is  not  as  intimate  and 
extensive.     If  it  were  not  so,  they  could  not  act  occasionally  as 

.  involuntary  muscles.  Being  thus  connected  with  the  gray 
*  substiiuce,  both  in  the  brain  and  spinal  marrow,  when  they 
act  in  olK^dieuce  to  the  will,  the  impression  exciting  their  ao- 
tion  comos  to  thorn  from  the  gray  substance  in  the  brain 
through  the  white  part  of  the  spinal  ifiarrow ;  but  when  they 
act  involuntarily,  the  impression  comes  from  the  gray  sub- 
stance in  the  spinal  marrow,  and  not  from  the  brain. 

262.  I  may  remark  farther,  that  the  voluntary  muscles  act 
involuntarily  more  often  than  is  commonly  supposed.  As 
already  stated,  (§259)  in  animals,  from  which  the  head  has 
been  removed,  the  voluntary  muscles  can  be  excited  to  involun- 
tary action,  resembling  voluntary  movements,  although  of 
course  with  the  removal  of  the  head  were  destroyed  all  sensa^ 
tion  and  all  exercise  of  the  will.  And  in  the  case  of  the  man 
paralyzed  by  injury  in  the  back,  alluded  to  also  in  §  259,  in- 
voluntary movements  can  be  excited  in  the  voluntary  muscles. 
A  pigeon,  whose  cerebrum  had  been  removed,  would  fly  when 
thrown  into  the  air,  would  run  when  it  was  pushed,  and  would 
drink  when  its  beak  was  put  into  water.  There  was  no  sensi- 
bility and  no  will  in  this  case,  for  they  can  not  be  without  the 
cerebrum.  The  movements  were  involuntary,  though  per- 
formed by  voluntary  muscles.  Now  as  these  facts  prove  that 
voluntary  muscles  are,  through  their  connection  with  the  spinal 
marrow,  capable  of  acting  as  involuntary  muscles  also,  the 
question  arises,  whether  they  do  not  much  of  the  time  act  in 

«  involuntary  muscles,  and  sometimes  wholly  so.    That 
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is  tho  case,  a  little  reflection  will  show.  When  wo  are 
walking  we  use  voluntary  muscles.  But  manifestly  a  distinct 
act  of  the  will  is  not  put  forth  for  every  motion  performed 
in  walking.  The  mind  may  bo  at  the  same  time  fixed  upon 
lomething  else )  and  there  seems  ordinarily  to  be  only  an  oc- 
casional action  of  the  will,  as  when  we  change  our  course,  or 
when  some  obstacle  is  in  the  way,  requiring  a  variation  from 
the  regular  consecutive  series  of  movements.  There  is  a  dis- 
tinct action  of  the  will  when  the  movements  begin  ;  but  after 
this  the  motions  seem  for  the  most  part  almost  automatic,  and 
are  probably  produced  Cy  the  reliex  action  of  the  spinal  mar- 
row, the  will  interfering  only  when  occasion  requires.  This  is 
more  manifestly  the  case  when  one  is  walking  in  a  reveiie,  and 
perhaps  finds  iiimself  on  awaking  from  it,  in  a  ditierent  place 
from  that  to  which  he  liad  willed  to  go.  It  is  as  if  the  brain 
■et  the  machinery  of  the  limbs  to  work,  and  then  delivered  it 
over  to  the  care  of  the  spinal  marrow,  interfering  only  when  it 
needs  to  do  so  to  meet  some  ditticulty,  or  when  it  wishes  to. 
give  a  new  direction  to  the  movement,  or  to  stop  it  And  in 
a  reverie,  the  brain  occupied  with  other  things,  neglects  even 
to  exercise  this  superintendence,  and  leaves  the  machinery 
wholly  to  the  guidance  of  the  spinal  marrow.  The  same  re- 
marks can  be  made  in  regard  to  other  motions,  as  in  speaking, 
singing,  playing  on  an  instrument,  &c.  In  all  these  cases  the 
voluntary  muscles  act  in  some  measure  involuntarily,  being 
governed  by  an  association  in  their  action  which  is  far  from 
being  wholly  dependent  upon  the  brain,  and  the  direction  of 
the  will.  I  shall  recur  to  this  point  again,  when  I  come  to 
treat  -of  the  connection  between  the  mind  and  the  body. 

263.  Many  experiments  have  been  tried  upon  animals  in 
reference  to  the  functions  of  the  brain,  and  of  the  spinal  mar- 
row. I  have  already  alluded  to  some  of  them.  It  was 
formerly  supposed,  that  the  brain  was  the  only  centre  of  nerv- 
ous power,  and  that  it  was  immediately  essential  to  the  pre- 
servation of  life.  But  these  experiments  have  shown  that  this 
is  fu  from  being  the  truth.  The  brain,  it  has  been  found,  has 
nothing  to  do  directly  with  the  maintenance  of  lite.  Animals 
live  for  some  time  a^r  the  brain  is  destroyed.  A  pigeon  was 
kept  alive  for  some  months  atler  its  cerebrum  was  removed. 
Its  condition  was  very  much  like  that  of  a  man,  the  functions 
of  whose  cerebrum  are  suspended  by  the  pressure  of  a  frac- 
tured portion  of  the  skull.  Although,  like  him,  the  animal 
had  lost  all  sensation  and  voluntary  motion,  yet,  like  him,  it 
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oontinued  to  breathe,  and  its  heart  continued  to  beat  Of 
course  so  extensive  an  injury  of  so  important  an  organ  will  at 
length  cause  death ;  but  life  continues  long  enough  in  suaH 
cases  to  show,  that  this  organ  is  not  immediately  essential  to 
its  continuance.  The  functions  most  essentilal  to  life,  the 
respiration  and  circulation,  are,  as  you  have  seen,  kept  up  by 
the  spinal  marrow.  The  very  upper  part  of  this  organ  is  espe- 
cially devoted  to  this  purpose.  You  may  take  out  the  braia 
of  an  animal,  and  destroy  all  its  spinal  marrow,  except  this 
upper  portion  of  it,  and  the  animal  will  still  breathe,  and  its 
heart  will  beat.  But  if  you  destroy  jilst  this  small  portion  of 
the  spinal  marrow,  though  you  leave  the  rest  of  it  and  the 
brain  untouched,  the  animal  will  die  at  once  from  the  cessa- 
tion of  the  respiration  and  the  circulation.  In  the  Spanish 
bull-fight,  when  the  matadore  at  length  kills  the  animal,  by 
adroitly  piercing  the  spine  in  the  back  of  the  neck,  he  inflicts 
his  wound  upon  this  upper  part  of  the  spinal  marrow. 

264.  If  after  cutting  ofl*  the  head  of  a  frog,  you  divide  the 
spinal  marrow  in  the  back,  you  can  produce  involuntary  mo- 
tions in  both  the  upper  and  lower  extremities.  But  you  can  not 
produce  them  at  the  same  time  in  both  together,  for  the  divi- 
sion of  the  spinal  marrow  in  the  back  separates  it  into  two 
independent  parts.  When,  therefore,  you  irritate  the  upper 
extremities,  the  motion  is  confined  to  thein,  and  the  lower  ex- 
tremities are  quiescent.  And  if  you  irritate  the  lower  extrem- 
ities, the  motion  produced  there  does  not  extend  to  the  upper. 
The  division  can  be  carried  much  farther  with  similar  results. 
If  the  spinal  marrow  be  divided  above  and  below  where  a  pair 
of  nerves  is  given  olf,  so  as  to  separate  this  point  wholly  from 
the  rest  of  the  nervous  system,  the  reflex  action  can  be  excited 
in  the  nerves  connected  with  this  point.  That  is,  an  irritation 
of  the  parts  supplied  by  the  excitor  nerve  of  this  little  segment 
of  the  spinal  marrow  will  produce  an  impression  in  that  a<^ 
ment,  which  will  be  reflected  by  the  motor  nerve  to  the 
muscles.  The  gray  substance  of  the  spinal  marrow  may,  there- 
fore, be  regarded  as  a  chain  of  little  brains,  in  some  measure 
separate  from  each  other.  But  while  there  are  thus  many 
centres  of  reflex  action,  there  is  only  one  centre  of  sensation 
and  voluntary  motion,  and  that  centre,  the  brain,  is  connoted 
with  the  mind.  Some  physiologists  have  maintained  that 
there  is  sensation  independent  of  the  brain;  but  it  may  be 
considered  as  most  abundantly  proved,  that  it  is  through  the 
brain  alone  that  the  mind  teels  and  acts,  or  rather  uat  we 
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know  nothing  in  this  world  of  a  sentient  and  acting  mind 
existing  without  a  brain. 

265.  The  system  of  nerves  which  we  have  been  examining 
is  termed  the  cerebrospinal,  from  its  two  great  central  organs, 
the  brain  and  spinal  marrow.  But  there  is  another  nervous 
sptem,  the  functions  of  which  are  involved  in  much  mptery. 
It  is  called  the  system  of  the  groat  sympathetic,  or  the  sympa- 
thetic system.  Sometimes  it  is  called  the  nervous  system  of 
organic  life^  because'  it  is  so  intimately  and  extensively  con- 
nected with  the  nutritive  processes ;  while  the  system  that  we 
have  been  considering  is  called  the  nervous  system  of  animal 
life,  because  it  regulates  the  functions  peculiar  to  animals  in 
distinction  from  plants,  sensation,  and  spontaneous  motion. 
While  the  sympathetic  system  is  thus  connected  with  the 
nutritive  processes,  it  is  also  supposed  to  be  tlie  means  of  effect- 
ing the  sympathetic  connection  between  different  parts  of  the 
body,  and  to  act  as  the  medium  by  which  the  passions  and 
emotions  of  the  mind  produce  their  effects  upon  the  functions 
ci  the  different  organs.  In  this  system  there  are  many  gang- 
lions or  little  brains,  which  communicate  with  each  other  by 
nerves.  There  is  a  chain  of  them  along  in  front  of  the  spinid 
column,  and  there  are  two  quite  large  ones  in  the  abdomen. 
This  system  has  connections  over^^where  with  the  cerebro-spinaL 
The  purposes  aimed  at  in  the  particular  arrangements  ot  this 
system  are  as  yet  but  little  understood,  and  we  probably  neVer 
shall  know  as  much  about  it  as  we  shall  about  the  cerebro- 
spinal system.  The  arrangement  of  the  sympathetic  system 
differs  very  materially  from  the  cerebro-spinal.  It  is  a  single 
system,  and  has  no  symmetrical  arrangement,  while  the 
eerebro^pinal  has  throughout  two  halves  which  are  precisely 
alike. 

I  have  thus  described  the  arrangements  and  functions  of  the 
fiervous  system  to  such  an  extent,  as  will  prepare  you  for  the 
consideration  of  those  subordinate  organs,  by  which  the  pur- 
poses of  this  system  are  accomplished.  After  treating  of  the 
organs  of  locomotion,  the  voice,  and  the  senses,  I  shall  call  your 
attention  again  to  this  system,  presenting  some  views  of  its 
uses  and  connections,  which  you  will  then  be  better  prepared 
to  understand. 

15 
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Boom  the  frmmework  of  the  body.    Compokitioo  ^  boo*. 


CHAPTER  XI 

THE  BOXES. 

260.  The  bones  furnish  the  points  of  support  and  attach- 
ment for  the  muscles  which  move  the  different  parts  of  the 
body.  They '  are,  therefore,  the  passive  instruments  of  loco- 
motion. I  treat  of  the  bones  before  the  muscles,  because  you 
Hvill  then  better  understand  tlio  action  and  the  arrangement 
of  the  muscles. 

267.  The  bones,  forming  the  framework  of  the  body,  not 
only  furnish  points  of  support  and  attachment  to  the  muscles, 
but  in  many  cases  serve  to  defend  important  organs  from  in- 
jury. Thus,  the  soft  brain  is  thoroughly  secur^  from  harm 
by  being  inclosed  in  tlie  skull ;  and  the  lungs  are  surrounded 
by  walls  of  bone  so  arranged,  as  you  saw  in  the  chapter  on 
Respiration,  that,  while  they  defend  the  lunss  from  external 
violence,  they  secure  a  wide  range  of  motion  for  the  necessary 
expansion  of  these  organs. 

268.  The  bones  are  composed  of  two  parts,  the  earthy  or 
hard  portion,  and  the  animal  portion  which  is  soft.  Each  of 
these  portions,  as  was  stated  in  §  60,  can  be  obtained  separate 
from  Uie  other.  These  two  portions  of  bone  exist  in  different 
relative  proportions  in  the  different  periods  of  life.  In  the 
child  the  animal  portion  predominates,  while  the  mineral 
does  in  old  age.  It  is  a  wise  provision  in  regard  to  the 
child,  for  if  his  bones  w^ere  aa  brittle  as  those  of  old  age, 
or  even  as  those  of  middle  life,  they  would  be  often  broken 
in  the  falls  to  which  the  child  in  its  feebleness  and  carelessness 
is  subjected. 

269.  There  are  some  points  of  interest  in  relation  to  the 
MUiKciwre  of  bone  and  its  growth.  I  stated  in  §  61  that  bone  is 
generally  formed  in  cartilage,  the  cartilage  being  formed  first  as 
amould  Uxt  the  bone.  Bone  is  deposited  in  two  forms,  solid  and 
odlular.  In  the  flat  bones,  as  iu  the  skull,  the  cellular  slruc- 
tuze  lies  between  two  plates  of  solid  bone.    In  the  long  bones 

'ar^hart  is  at  the  two  eiT<is,  and  is  covered  with  a 
of  solid  bone,  while  the  shaft  is  a  hollow  tube 
one  veiy  much    condensed.  #   This  arrangement 
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know  noUiing  in  tliU  world  of  e,  sentient  and  acting  mind 
existing  without  a  brain. 

205.  Tiic  syetora  of  nerves  which  we  have  been  examining 
is  tunned  tlie  cerebrospinal,  from  its  two  great  central  organs, 
the  brain  and  spinal  marrow.  But  there  is  another  nervous 
system,  the  functions  of  which  are  involved  in  much  mysteiy. 
It  is  tyallcd  the  system  of  the  great  sympathetic,  or  the  sympa- 
thetic system.  Soractimos  it  ia  called  the  nervoug  syilem  of 
ori/anie  life,  because  it  is  so  intimately  and  exteosivelr  con- 
nected with  the  nutritive  processes ;  while  the  system  vbai  we 
have  been  considering  is  called  the  nervotu  lyalem  of  animal 
life,  because  it  regulates  the  functions  peculiar  to  animals  in 
distinction  from  plants,  sensation,  and  spontaneous  motion. 
Whili!  the  sympathetic  system  is  thus  connected  with  the 
nutritive  processes,  it  is  also  supposed  to  be  liie  means  of  effect- 
ing the  sympathetic  connection  between  different  parts  of  the 
body,  and  to  act  as  the  medium  by  which  the  pasaioua  and 
emotions  of  the  mind  produce  their  effects  upon  the  functions 
of  the  different  organs.  In  litis  system  there  are  many  gang- 
lions or  little  brains,  which  communicate  with  each  other  by 
nerves.  There  is  a  chain  of  tbcm  along  in  front  of  the  spinal 
column,  and  there  are  two  quite  large  ones  in  the  abdomen. 
This  8}'8tem  has  connections  everywhere  with  the  cerebro-spieal. 
The  purposes  aimed  at  in  the  particukr  arrangements  of  this 
BTstein  are  as  yet  but  little  understood,  and  we  probably  never 
shall  know  as  mucli  about  it  as  we  shall  about  the  cerebro- 
spinal system.  The  arrangement  of  the  sympathetic  system 
diftera  very  materially  from  the  cerebro-spinal.  It  is  a  single 
system,  and  has  no  symmetrical  arrangement,  while  the 
cerebro-spinal  haa  throughout  two  halves  which  are  precisely 

I  have  thus  described  the  arrangements  and  functions  of  the 
neri-ous  system  to  such  an  extent,  as  will  prepare  you  for  the 
consideration  of  those  subordinate  organs,  by  which  the  pur- 
poses of  this  system  are  accomplished.  After  treating  of  the 
organs  of  locomoUon,  the  voice,  and  the  senses,  I  shall  call  your 
attention  again  to  this  system,  presenting  some  views  of  its 
uses  and  connections,  which  you  will  then  be  better  prepared 
to  understand. 
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260.  The  bones  furjii-! 
ment  for  the  iniisclos  \\\\ 
body,     Theyare,  thi-ni.i' . 

inotioQ.     I  treat  of  the  1 ■■    : 

'will  then  better  underetaTjil  \h-r 
of  Uie  mUBclea. 

207.  Tke  bones,  forming  the  - 
only  fiimUh  points  of  support  aii'. 
but  in  many  cases  ecrre  h)  dtid^u^ 
jury.  Thus,  the  soft  brain  ia  tli' 
by  being  inclosed  in  the  BkuJI ;  n 
by  irallB  of  boue  bo  arranged,  a^ 
Inspiration,  that,  while  thoy  deti 
violence,  they  secure  a  widu  rangi 
expansion  of  these  organs. 

3C8.  The  bonea  are  composed 
hard  portion,  and  the  animal  poi 
these  portions,  us  naa  stated  in  §  du,  i*^ 
troat  tJie  other.     These  two  portions  al 
relative  proportions  in  the  different  pp' 
child  the   animal   portion   prcdominatct 
does  in  old   age.     It  is  a   wise  previa' 
child,  for  if  liis  bones  were    as  hrittle 
or  even  as  those  of  middle  life,  they  vn^ 
in  the  falls  lo  which  the  child  in  its  feeble 
is  subjected.  — 

200.  There  are  some  points  of  interei^w 
eirvcture  of  bono  and  iU  growth,     I  slated*- 
generally  formed  ju  cartilage,  the  cartilage  ^ 
amould  for  the  bone.     Bone  is  deposited  in  P^ 
cellular.     In  the  flat  bones,  as  in  the  skull, 
ture  lies  between  two  plates  of  solid  hone.    *■ 
the  cellular  "part  is  at  the  two  eiTifc,  and  '^^ 
thin   plate  of  solid  bone,  while  the  shaft  *^ 
■rith   tJie    bone  very   much    condensed,  i    T*    * 
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about  in  tbtm  blood vi'ssele,  whicU  are  brandies  of  arteries  and 
veins  that  enter  the  body  of  the  bone  at  some  particular  points, 
in  the  loag  onee  near  ttio  middle  of  tlio  shaft.  It  ii  from  tliese 
bloodvessetfi,  together  with  those  that  come  from  the  mem- 
brane investing  the  bone,  called  perioitrum,  that  the  bone  ia 
Mourisbed.  But,  although  an  artcrr  runs  through  the  body  of 
the  bone,  to  branch  out  upon  the  walls  of  ita  cavity,  none  of  its 
branchM  enter  the  very  substance  of  the  bono.  How  then  !■ 
the  bone  nourished,  that  in,  construi^t'H]  and  kept  in  repair! 
The  manner  in  which  the  material  for  tliia  purpose  is  carried 
to  every  point  of  the  solid  bone  has  been  developed  by  the  atd 
of  the  microscope,  and  I  will  describe  it  to  you.  IT  we  cut 
acroBi  the  solid  portion  of  a  bone,  and  examine  it  with  a 
microscope,  we  see  here  and  there  orilices  of  certain  minuto 
canals  that  run  lengthwise  of  the  bone.  These  canals  ax* 
found  to  C4>mniunicalti  with  the  cavity  of  the  bone  and  receive 
tb«refora  blood,  or  some  of  the  constituentB  of  the  blood,  from 
the  bloodvwselB  which  are  situated  tliere.  These  orifices,  sa 
Been  under  the  microscope,  are  represented  in  Fig.  84.  Atound' 
these  orifices  a  i,  you  see  little  dark  spots  arranged  in  ringa^ 
with  lines  running  (o  them  from  the  orifices.  By  magnifying 
the  section  of  bone  still  more,  we  see  what  these  spots  and  linea 
are.  The  dark  spots  are  small  cavities,  and  the  lines  are 
minute  tubes  running  to  them.  In  Fig.  85  is  a  representatioa 
of  this  arrangement  as  seen  in  a  little  portion  of  the  section  of 
bone,   more   highly  magnified   than  tt  is  in  Fig.  84. 


The 


tabes  paM  out  from  the  canals  to  the  rown  of  cavities  which 
IK  arouml  the  canals,  and  thus  a  circulation  is  kept  up  at 
oTOT  point  of  the  solid  bone.  It  is  supposed  that  the  blood 
itulf  doea  not  circulate  in  these  little  chfinneis  and  cavities 
in  Uie  solid  bone,  but  a  fluid  containing  the  constituents  of 
Inhm.  For  these  channels  are  too  small  even  to  admit  the 
cells  which  the  microscope  shows  us  as  swimming  in  the  blood. 
liie  fluid  that  circulates  in  them  is  selected  from  the  blood, 
which  is  contained  in  the  bloodvessels  in  the  cavity  of  the 
bona,  and  in  the  periosteum  that  envelopes  it. 

S7l.  It  is  a  verjT  common  popular  notion,  that  the  bones  are 
endowed  with  g|«at  sensibility,  and  especially  the  central  part, 
the  marrow.  The  surgeon  is  very  often  asked  if  the  sawing  of 
the  bone  in  amputation  is  not  very  painful,  and  if  when  the  saw 
nachea  the  marron  it  does  not  produce  agony.  But  the 
Ibonea  hare  in  their  healthy  state  no  perceptible  sensibility,  aa 
I  have  before  stated,  and  tho  sawing  of  the  bone  in  amputation 
oocasiona  no  soSering.  When,  however,  a  bono  becomes  in- 
flamed,  severe  pain  is  one  of  the  symptoms.  And  it  is  w^l 
that'it  is  so  ;  for  if  it  were  not,  disease  mi<;fat  go  on  to  pro- 
duce disastrous  results  in  a  part  so  covered  up  by  others,  with- 
ont  any  warning  of  the  danger  of  the  case. 

272.  The  bones  are  of  every  variety  of  shape,  to  suit  the 
various  offices  which  they  are  to  ful&ll.  You  will  see  this  to  be 
tma,  as  you  cast  your  eye  over  the  skeleton  as  represented  in 
Fig.  86.  You  first  observe  the  somewhat  round  box  of  bonee, 
which  contains  the  brain,  and  at  the  same  tifie  furaishes 
sockets  for  the  eyes,  extended  irregular  surfaces  fur  the  appara- 
ttu  of  smelling,  and  for  that  of  the  taste,  a  place  for  the  organs 
of  hearing,  and  at  its  lower  part,  io  connection  with  the  lower 
jaw,  a  miU  for  grinding  the  food.  Then  you  observe  the  many 
bones  of  the  tLorax  or  chest,  containing  and  protecting  the 
heart  and  the  lungs.  The  spinal  colunm,  i,  composed  of 
twenty-four  bones,  you  see  as  a  firm  but  movable  pillar,  ex- 
tending the  whole  length  of  the  body,  and  having  its  base 
firmly  planted  upon  that  stout  thick  bone,  the  foerum,  which 
is  wedged  in  so  tightly  like  the  key-stone  of  an  arch,  between 
the  broad  spreading  bones  on  either  side.  To  tliis  pillar  are 
strongly  fastened  the  walls  of  the  chest ;  and  from  the  chest 
thua  supported  by  the  spine  hang  the  lux  front  and  lateral 
walls  of  the  abdomen.  Then  below  you  see  the  ptlvit,  as  it  is 
called, — a  set  of  large  bones  so  arranged  in  a  bowl-form,  as  to 
ofo  a  broad  surface  of  support  to  the  oontenia  of  Om  abdomen. 
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Iba  bone  called  the  ilium,  m  and  /,  on  eitlier  side,  with  ibi. 
flaring  upper  surface,  is  especially  Mrviucnble  in  this  -way. 
The  pelvu  also  furnishea  a  socket  ft>r  the  round  head  of  tfae 
thigh  bona  >,  and  poiata  of  attaclimcnt  for  the  lar^  muscles 
that  mors  the  lower  eitrcmity.  You  oltscrva  the  large  boaes 
of  the  thigh  and  leg,  intended  to  give  firmness  to  the  lower 
eslremity,  and  the  lighter  bones  of  the  arm  and  forearm,  fitted 
for  extent  and  quickness  of  motion.  And  finally,  you  notice 
the  numerous  bones  of  which  the  hand  and  foot  are  made  up, 
giving  them  with  the  intervoning  cnrUlagitious  costings,  great 
elasticity,  and  vast  variety  of  motion,  oHpueially  in  the  hand. 

973.  I  will  notice  with  some  particularity  some  of  the 
bones,  of  which  I  have  given  a  general  description,  as  they  are 
nnitod  together  to  form  the  whole  akuloton.  I  can  not  notice 
them  all,  nor  dwell  upon  every  point  of  interest,  for  this  would 
require  much  more  space  than  I  can  devote  to  the  subject.  I 
shall,  therefore,  select  those  points  which  can  be  made  most 
clear  and  interesting. 

274.  I  first  call  vour  attention  to  the  bones  of  the  head,  as 
you  see  them  in  Fig.  87.  Tliore  are  twenty-two  bones  in  the 
whole  head  Fourteen  of  tliese  belong  to  the  face,  while  eight 
belong  to  the  cran  u  n  that  is  thtt  part  of  the  skull  which  in- 
closes the  brain  Of  then  not  co  part  <,  kriy  the  lar^  bone 
in  front  called  the  frontal  bone  a  ak  g  the  forehead,  and 
below  form  ng  the  upper  portioi  ot  the  orbits  of  the  eyee ; 
th«  parietal  bone,  b   the  upper  kt^ral  [Mil  of  the  dome  of  the 
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Upper  part  of  the  ipinal  eord  directly  eMential  to  life. 

ooatinued  to  breathe,  and  its  heart  continued  to  beat  Of 
course  so  extensive  an  injury  of  so  important  an  organ  will  at 
length  cause  death ;  but  life  continues  long  enough  in  such 
cases  to  show,  that  this  organ  is  not  immediately  essential  to 
its  continuance.  The  functions  most  essentilal  to  life,  the 
respiration  and  circulation,  are,  as  you  have  seen,  kept  up  by 
the  spinal  marrow.  The  very  upper  part  of  this  organ  is  espe- 
cially devoted  to  this  purpose.  You  may  take  out  the  brain 
of  an  animal,  and  destroy  all  its  spinal  marrow,  except  this 
upper  portion  of  it,  and  the  animal  will  still  breathe,  and  its 
heart  will  beat  But  if  you  destroy  jitst  this  small  portion  of 
the  spinal  marrow,  though  you  leave  the  rest  of  it  and  the 
brain  untouched,  the  animal  will  die  at  once  from  the  cessa- 
tion of  the  respiration  and  the  circulation.  In  the  Spanish 
bull-fight,  when  the  matadore  at  length  kills  the  animal,  by 
adroitly  piercing  the  spine  in  the  back  of  the  neck,  he  inflicts 
his  wound  upon  this  upper  part  of  the  spinal  marrow. 
.  264.  If  a^r  cutting  otf  the  head  of  a  frog,  you  divide  the 
spinal  marrow  in  the  back,  you  can  produce  involuntary  mo- 
tions in  both  the  upper  and  l6wor  extremities.  But  you  can  not 
produce  them  at  the  same  time  in  both  together,  K>r  the  divi- 
sion of  the  spinal  marrow  in  the  back  separates  it  into  two 
independent  parts.  When,  therefore,  you  irritate  the  upper 
extremities,  the  motion  is  confined  to  them,  and  the  lower  ex- 
tremities are  quiescent  And  if  you  irritate  the  lower  extrem- 
ities, the  motion  produced  there  does  not  extend  to  the  upper. 
The  division  can  be  carried  much  farther  with  similar  results. 
1£  the  spinal  marrow  be  divided  above  and  below  where  a  pair 
of  nerves  is  given  olf,  so  as  to  separate  tliis  point  wholly  fpm 
the  rest  of  the  nervous  system,  the  refiex  action  can  be  excited 
in  the  nerves  connected  witli  this  point  That  is,  an  irritation 
of  the  parts  supplied  by  the  excitor  ner\'o  of  this  little  segment 
of  the  spinal  marrow  will  produce  an  impression  in  that  seg- 
ment-, which  will  be  reflected  by  the  motor  nerve  to  the 
muscles.  The  gray  substance  of  the  spinal  marrow  may,  there- 
fore, be  regarded  as  a  chain  of  little  brains,  in  some  measure 
separate  from  each  other.  But  while  there  are  thus  many 
centi'es  of  refiex  action,  there  is  only  one  centre  of  sensation 
and  voluntary  motion,  and  that  centre,  the  brain,  is  connoted 
with  the  mind.  Some  physiologists  have  maintained  that 
there  is  sensation  independent^ of  the  brain;  but  it  may  be 
considered  as  most  abundantly 'proved,  that  it  is  through  the 
brain  alone  that  the  inind  feds  and  acts,  or  rather  wat  we 
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■Iniutum  are  in  regard  to  renistHnco  to  prcwsitre  or  riolcnoe. 
Jvtt  aa  in  the  domes  that  are  built  by  man,  no  in  this  dome 
of  the  CTaninm,  great  strongtli  in  xoctired  around  the  lower 
p«t,  RO  as  to  twist  outward  lateral  prowmro.  In  the  dome 
of  St.  Paul's  there  is  a  double  iron  chain  around  its  base 
fiir  this  purpose,  of  course  concealed  from  vivw.  In  the  head 
of  man  the  dome  may  be  c^nsidured  ns  compo!)cd  of  the 
frMital  bone  in  front,  the  parietal  bones  at  the  aide,  and  the 
oocipitftl  bone  in  the  rear.  In  front  you  see  the  haiio  of 
the  dome  strongly  fortitiwJ,  in  the  heavy  nrches  that  form  the 
nppcr  part  of  the  sockets  of  the  evea,  and  on  the  jnttinf^  cdgca 
or  which  are  the  eyebrowR.     In  tlio  rear  the  base  of  thft  occi- 

£'tU  bona  is  very  thick,  and  is  fortified  with  ridges  which 
miah  attachment  to  the  large  mnocles  in  the  l>ack  of  the 
neck.  But  the  mmt  marked  and  interesting  contrivanec  for  the 
■trengttiening  of  the  base  of  this  dome  is  at  the  aide.  It  is  whi're 
the  jwrietal  bone  b,  an  ceen  in  Fig.  87,  in  joined  by  the  loinporal, 
p.  The  joining  here  is  not  by  wif«re,  finr  that  would  afford  no 
resifttsnca  to  lateral  prpBsnre,  cither  outward  or  inward.  To 
secure  this  object,  the  lower  bone,  the  temporal,  laps  over  the 
upper,  the  parietal,  with  a  beveled  edge.  It  abata  upon  or 
agunrt  it     It  hai  the  relation  to  the  parietal  of  «  buttroH  to 
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an  arch.  Yon  osa  readily  see  that  whea  great  preMiire  ii 
made  od  the  top  of  the  head,  as  when  ■  heavy  load  is  carried 
there,  there  must  be  a  tendency  to  outward  lateml  prefigure  at 
the  base  of  the  dome  of  the  cranium,  and  that  this  is  effeotually 
reaiated  by  the  temporal  bones  acting  as  buttreasea.  The  same 
thing  is  true,  also,  when  a  blow  is  inflicted  on  the  top  of  the 
head.  And  if  a  Uow  be  received  at  the  side  of  the  head,  on 
the  temporal  bone,  it  is  evident  that  the  bonea  will  not  be  no 
apt  to  bo  fractured  and  pressed  inward  upon  the  brain,  as  they 
would  be,  if  they  were  united  by  suture. 

277.  You  are  now  prepar«d  to  see,  to  what  extent  the  brain 
is  guarded  against  the  effects  of  violence  inflicted  upon  the 
head.  These  effects  come  either  from  fracture  of  the  bones, 
or  from  concussion  without  fracture.  In  either  case  the  vihra-  . 
(ion  of  the  parts  concerned  is  the  cause  of  these  effects.     The 

Siards  of  the  brain  defeDd  it  from  injury  bj  lessening  or  dif- 
sing  this  vibratioQ.  And  it  is  to  be  observed,  that  when 
vibration  passes  from  one  textui'e  to  anotlier,  it  loses  some  of 
its  force  in  the  change.  No  two  substances  i-ibrato  just  alike  ; 
and  when  a  vibration  in  one  is  communicated  to  another,  it  is 
modified,  aud  is  therefore  leMicucd.  Some  substances  modify 
and  lessen  vibrations  communicnted  to  them  more  than  othera 
do.  If  you  apply  these  principli's  to  the  effects  of  violence  on 
the  head,  you  at  once  see  tliat  the  brnin  would  be  much  more 
apt  to  receive  a  darigerous  shock  from  tlic  vibration  occasioned 
by  a  blow,  if  its  coverings  were  condensed  into  one  firm  and 
thick  layer  of  substance,  Uinn  it  is  now.  So  also,  if  the  bones  of 
the  head  were  in  one  (wlid  layer,  instead  of  having  two  layers,  or 
plates,  with  the  spongy  structure  between,  and  the  integuments 
were  all  consolidated  into  one  thick  substance,  there  would  bo 
much  more  liability  to  fracture  than  there  is  with  the  present 
arrangement.  Observe  now  how  many,  and  how  various  are 
the  textures,  through  which  the  vibration  of  a  blow  must  pass, 
before  it  roaches  the  brain.  Outside  of  the  bone  there  is  first 
the  hair ;  next  comes  the  skin ;  then  there  is  the  cellular  mein- 
brane  containing  some  fat;  tlien  a.  muscular  coat ;  and  lastly, 
the  lining  membrane  over  the  surface  of  the  bone.  Tlicae 
various  textures  must  deaden  very  loucli  the  force  of  a  blow, 
and  especially  the  outer  cushion  of  hair,  and  those  inner 
cushions,  as  we  may  call  them,  of  fotty  cellular  membrane  and 
of  muscle.  Then,  when  the  vibration  reaohea  the  bone,  it  is 
lessened  W  the  two  plates  with  the  intervening  cells,  and 
*)ww«  m  dimued  hvgoly  among  Mm  many  bonei  tut  unite  with 


the  one  on  which  the  force  comes.  Then  as  the  shock  goes  . 
into  the  brun,  it  is  still  farther  lessened  hj  the  membrfines 
which  cover  that  organ.  These  greatly  diminish  the  vibratioD, . 
precisely  as  a  coating  of  leather  on  the  inside  of  a  bell  would 
deaden  its  vibration  wLen  prodncod  by  a  blow  upon  the  out- 
aide.  With  all  tbeae  proviflions  the  result  is,  that  coraparatare- 
ly  few  of  the  blows  received  by  the  head  do  harm.  The  skull 
may  be  considered  as  a  sort  of  helmet  for  the  brain,  its  effect- 
ivenees  as  a  defense  being  very  much  increased  by  its  cover- 
ings and  linings. 

278.  There  are  some  especial  guards  at  particular  points  in 
the  cranium,  where  there  is  much  liability  to  exposure  to 
violeuue.  Thus,  as  the  lower  part  of  the  frontal  bone,  where 
the  eyebrows  are,  is  especially  exposed,  the  distance  from  the 
surface  to  tlie  brain  is  made  considerable  by  an  interveniog 
chamber  in  the  bone,  calk-d  tbo  frontal  sinus.  This  sinus, 
which  varies  much  in  size  in  different  individuals,  is  lined  with 
a  membrane,  and  communicates  with  the  uosu.  Yon  can  see 
that  this  arrangement  is  a  great  protection  to  the  bone  at  that 
point.  The  outer  plate  could  be  oroken,  while  the  inner  is  not 
mjurcd.  But  the  protection  which  this  arrangement  affords, 
is  not  confined  -to  that  single  point;  it  serves  also  to  deaden 
the  vibration  of  a  blow  reooived  by  au}'  part  of  the  forehead, 
or  by  the  forehead  as  a  whole.'  I'he  side  of  the  head,  too,  is 
peculiarly  exposed  to  blows.  Anrl,  therefore,  the  skull  is 
peculiarly  guarded  at  this  point.  Beside  the  overlapping  of 
the  temporal  bono  upon  the  parietal,  to  which  I  havu  before 
alluded,  the  parietal  bone  is  made  thicker  at  its  lower  part, 
where  it  is  most  liable  to  bo  struck,  than  it  is  in  most  of  tlie 
other  parts  of  it  Then,  too,  the  place  of  joining  of  the 
temporal  and  parietal  bones  is  covered  ovtr  by  a  thick  mnaolfl^ 
the  contractions  of  which  you  can  feci  if  yon  press  yow 
fingers  upon  the  temple  while  moving  the  lower  jaw  as  in  eat- 
ing. This  cushion  of  muscle  is  of  great,  use  in  breaking  tha 
force  of  a  blow  received  in  that  quarter.  Other  points  might 
be  speciGed  where  there  is  arrangement  for  special  protection, 
but  those  to  which  I  have  alluded  will  suffice. 

270.  The  cranium  not  only  contaiiu  and  protects  the  brain, 
but  it  at  the  same  time  serves  various  other  purposes,  and  pro- 
tects other  important  organs.  The  tender  and  di'licatc  eye  has 
there  a  bony  socket  with  jutting  prominences  all  around  it,  to 
guard  it  against  violence.  The  exceedingly  minute  and  com- 
pli<iated  apparatus  of  the  hearing  is  also  carefully  protected  br 
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the  skull,  and  the  most  important  part  of  it  ia  furnished  witli 
wmding  and  intricate  apartments,  halls  of  audience,  in  that  part 
ct  the  temporal  bone  which  is  so  hard,  that  it  is  called  the 
jttlrout  or  rock-like  hone.  To  the  bones  of  the  cranium  are 
attached  in  various  ways,  the  fourteen  bones  of  the  fkce.  All 
these,  with  the  exception  of  the  lower  jaw,  are  iminovahle. 
The  two  principal  of  thein  ore  the  upper  jaw  bone,  and  tho 
cheek  bone.  The  former  makes  with  its  mate  of  the  other 
aide  the  forward  portion  of  tho  roof  of  the  mouth,  the  palato 
hones  making  its  rear  portion;  and  it  furnishes  the  sockets  for 
.the  teeth.  It  also  at  its  upper  part  makes  nearly  tho  whole  of 
the  floor  of  tho  orbit  of  the  eye.  The  cheek-bone  forms  tlia 
outer  lateral  part  of  the  socket  of  the  eye,  and  sending  back  a 
process  or  projection  to  unite  witli  one  from  the  temporal  bone, 
c,  rig.  87,  forms  tho  zygoma  or  arch,  inside  of  which  the  tempo- 
ral muscle  passes  down  to  be  fastened  to  the  lower  jnw.  The 
hones  of  the  nose  make  quite  a  complicatod  series  of  cavities, 
for  the  purpose  of  presentmg,  in  tho  mucous  membrane,  wbioli 
lines  them,  a  large  surface,  over  which  the  nerve  of  smell  is 
expanded.  A  representation  of  these  cavities  is  given  in  Fig. 
B9  ;  in  which  a  is  the  mouth ; 
b,  tho  opening  into  tho  noa-  "«■  B». 

tril ;  d,  a  part  of  the  bitse  of      -.        "^      g     i  * 

the  skull ;  e,  the  communica- 
tion of  the  nostril  with  tlie 
hack  of  the  throat ;  e,  the  cur- 
tain of  the  palate ;  I,  the  front- 
al sinus ;  m,  another  large  ai- 
nns ;  g,  t,  h,  spongy  bones  pro- 
jecting into  the  cavity  of  tlic 
nostriT.  Tliero  is  a  lai^  sinuii, 
that  is  uot  seen  in  this  figure, 
which  lies  over  tlie  teelL  in 
the  jaw-bone.  The  different 
sinuses  are  lined  with  the  inu- 
cous  membrane  extending  into  them  from  the  nose.  These,  with 
the  spon^  hones  make  a  very  large  extent  of  surface  in  the 
cavities  devoted  to  the  sense  of  smell.  Tho  branches  of  the 
Mfves  of  smell  enter  theao  cavities,  to  be  distributed  over 
thjn  walls,  through  many  small  openings  in  a  bone  in  the 
lof  of  the  now,  giving  it  a  sieve-like  appearance. 
8B0.  The  lower  jaw  is  a  bone  shaped  something  like  ahofw 
%  with  iU  ends  turned  considerably  upward.    It  haa  two 
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amooth  projecting  surfaces  wbicb  articulate  vith  two  coires- 
ponding  shallow  cavities  in  tLe  temporal  bone.  It^  prominenos 
at  the  Tower  part  in  front,  tlie  chin,  ia  peculiar  to  man,  there 
beine  no  sucn  prominence  in  any  other  animal.  The  lower 
jaw  oos  sockets  for  the  toetb,  and  it  is  so  constructed,  and  ii 
so  arran^  with  muscles,  that  these  teeth  can  be  brought  to 
bear  against  the  t«eth  of  the  upper  jaw  in  cutting  and  grind- 
ing inotionB. 

281.  The  teeth  are  very  nearly  like  the  bones  in  their 
structure,  but  they  ditfer  from  tbem  in  some  particulars  which 
it  will  be  inter«Bting  to  notice.  Every  tooth  has  in  it  three  dia- 
tJnct  structures,  which  differ  in  hardness,  for  reasons  which  will 
appear  clear  to  you  as  t  procMMi.  The  denline  or  ivory  consti 
tutes  the  bodv  both  of  the  tooth  and  of  ila  fangs.  In  the  body 
of  the  tooth  there  b  a  coating  of  tliat  very  hard  substance,  the 
enamel,  over  the  whole  surface  of  the  ivory.  This  is  thickest 
over  the  top  of  the  tooth,  and  grows  thinner  on  the  sides  till 
it  is  entirely  gone  where  the  gum  begins.  The  ivory  in  the 
fangs  has  a  coating  of  a  very  different  character,  called  the 
eetnmtttm.  It  b  not  hard  like  the  enamel.  This  arrangement 
is  represented  in  Fig.  GO.  This  is  a  tooth  with  two  fangs  or 
roots;  1,  is  the  enamel;  3,  the  den-  ^j^  ^ 

tine  or  ivory ;  2,  and  7,  the  ceraent- 
um ;  4,  an  unnatural  enlargement  of 
the  cementum,  making  an  excres- 
cence ;  B,  the  cavity  of  the  tooth 
supplied  with  bloodvessels  and  nerves 
which  come  through  the  channels 
that  you  see  nmning  up  the  middle 
of  each  fang.  This  cavity  is  analo- 
gous to  that  which  is  found  in  the 
shafts  of  the  long  bones  as  seen  in 
Fig,  83.  The  ivory  and  the  cement-' 
um  are  seen  by  the  microscope  to  be 
very  different  textures.  The  ivory- 
is  traversed  by  innumerable  branch- 
ing tubes  running  from  within  out- 
ward towards  the  cementum,  as 
represented  in  Fig.  91.    This  is  a 

section   of  a   small   portion  of  the  ~"  " 

dentine  and  cementum  in  the  &ng  of  a  tooth,  very  much  mag- 
nified, a,  a,  being  the  dentine,  and  e,  e,  the  cementum,  evidently 
a  different  structure.    The  stnictuia  of  the  enamel  as  exhibi(e<) 
18 
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by  the  microscope  is  reprciented  in  Fig.  66  and  67,  in  the 
ohaptnr  on  Gull-Life.  I  hare  been  thus  particular  in  the 
deacription  of  the  parts  of  a  toolh,  that  you  may  see  how 
compound  even  so  apparentl;^  Bimplo  a  part  of  tlio  body  is. 
The  tlireo  different  structures  in  it  arc  built  by  cells,  and  the 
csIIb  of  each  part  select  IVoin  the  blood  such  constituents  aa 
are  needed  for  their  purpose, 

282.  A  tooth  differs  mim  a  common  bone  in  one  import' 
ant  partJcular — when  once  formed  it  is  never  altered  in  its 
MM.  A  bone  grows  with  tie  growth  of  other  parts  of  the 
body ;  but  a  tooth,  when  it  first  jirotrudcs  tiirough  the  gum  is 
M  ]&rge  aa  it  ever  will  be.  The  rejisou  of  this  is,  that  bo 
hard  a  substance  as  enamel  can  not  be  made  changeable  as 
bone  is.  Its  hardness  is  inconsistent  with  any  thing  like  cir- 
culation in  it,  and  without  circulation  there  can  be  no  change. 
If  the  enamel  were  not  needed,  and  the  teeth  conid  be  com- 
poaed  only  of  dentine,  they  could  grow  as  other  bones  do. 
And  if  they  conld  grow,  one  set  of  teeth  might  be  made  to 
answer  the  purpose.  As  it  is,  the  second  set  are  needed,  be- 
unue  as  the  jaws  grow,  the  first  set  are  neither  large  enough  in 
proportion  to  the  size  of  the  jaws,  nor  numerous  enough  to 
fill  up  the  whole  space.  If  the  first  set  were  to  be  the  only 
set,  when  the  jaws  became  of  their  full  size,  the  teeth  would  h« 
altogether  too  small,  and  would  be  quite  separated  from  each 
other.  Twenty  email  teeth  (the  number  of  t!ie  first  set)  in  the 
jaws  of  an  adult,  in  place  of  the  thirty-two  large  teeth  of  the 
-  aeoond  set,  vonld  present  a  very  odd  appearance,  besides  beings 
incapable  of  dmng  the  aeirice  reqtured  of  them. 


BjtUboat.    Piun*.    Bjiliwl  odloBiii.    In  InnHH  ud  Sulbilil}. 

Under  the  ]ower  jnw  is  a  little  bone,  caJlcd  from  ita  resem- 
blsoce  to  the  Greek  letter  v,  the  hyoid  or  u-like  bone.  Its 
ronnd  end  u  towards  the  root  of  the  tongne,  and  its  two  ends 
reach  bttckward  towards  the  spine.  The  Isrynx  is  suspended 
from  It  aa  from  a.  frsme,  and  the  ma-wlM  that  drsw  up  thi» 
bone,  draw  up  the  larynx  with  iL  It  is  one  of  the  fnw  bones 
in  the  body  that  are  not  directly  connected  with  any  other 
bone.  The  patella,  or  kneepan,  is  one  of  these  bontn.  Tie 
four  tittle  honea  in  the  car,  of  which  I  shall  speak  particularly 
when  I  como  to  treat  of  the  sense  of  hearing,  are  Dot  connecteo 
with  any  other  bone. 

263.  I  pass  now  to  the  bones  of  the  trunk  of  the  body.  I 
shall  npeak  finit  of  the  spinal  coluinn,  or  the  backbone,  as  it  is 
called  in  common  lan^age,  as  if  it  were  all  one  bone.  In 
some  respects  it  does  act  as  one  bone,  although  it  is  made  u)> 
of  twenty-four  distinct  bones.  It  ia  the  great  pillar  of  the 
body.  As  such,  it  h^  the  head  resting  on  its  top,  and  it  fur- 
Dishes  support  for  the  walls  of  the  chest,  and  for  the  musclw 
which  mjike  up  the  most  of  the  walla  of  the  abdomen.  To  it 
aloo  are  fastened,  as  you  have  seen  in  the  chapter  on  Digestion, 
the  mass  of  intestines  in  the  abdomen,  and  indeed  to  some  ex- 
tent all  the  viscera  both  of  tlie  alidomen  and  the  thorax.  Sus- 
taining, therefore,  as  it  does  so  much  weight  in  so  many  ways, 
it  et&nds  firmly  planted  on  its  great  pedestal,  the  strong  broad 
bone  of  the  pelvis,  the  sacrum.  And  this  pedestal  is  supported, 
as  I  have  before  said,  after  the  manner  of  a  keystone,  between 
the  lighter  spreading  bones  of  the  pelvis  on  either  side.  But 
white  the  spinal  coluinn  acts  as  a  strung  and  Grmly  supported 
pillar,  it  is  necessary  tlint  it  should  hefexible  for  Ae  different 
motions  of  the  body.  It  is  therefore  comjKised  of  twenty-four 
bones  called  the  vertfbrm,  no  that,  as  in  any  eonsidemble  motion 
of  the  column  as  a  whole,  there  is  but  little  motion  between 
any  two  of  them,  the  moUon  does  not  interfere  with  its  office  as 
a  nrm  pillar.  It  is  most  free  in  its  uppermost  part,  the  neck  ; 
it  is  connderable  in  its  lower  part,  tlie  small  of  the  hack ;  and  it 
is  least  of  all  in  that  part  to  which  the  rilie  are  joined.  You 
readily  sou  the  reasons  for  this  difference  in  motion  in  di^rent 
parts  of  the  column.  For  the  varied  motions  of  the  head  thei« 
is  need  of  a  free  movement  between  the  vertebwB.  Then  for  the 
twisting  and  turning  motions  of  the  body,  you  have  the  tna 
movement  ttetween  them  at  the  lower  part  of  the  colum&t 
which  is  easily  pruvided  for  there,  because  there  are  attached  ta 
that  portion  of  it  nothing  but  parts  ttutt  are  pliable.     It  k  Dol 
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¥«ft*bra.    Proctites  A>r  locking  ftronfly  tofethar. 

—     -  —  I- 1  --> 

80  with  that  portion  of  it  that  forms  the  suppoTting  pillar  of  the 
framework  of  the  chest  There  is  little  motion  here  between 
the  vertebrae,  because  the  joining  of  the  ribs  to  the  column 
forbids  it 

But  besides  serving  as  a  firm  pillar,  and  as  a  flexible  chain, 
the  spinal  column  also  forms  a  canal  or  tube  in  which  the 
spinal  marrow,  one  of  the  most  delicate  and  important  organs 
11^  the  body,  is  securely  lodged.  This  canal  extends  through  its 
whole  length,  and  from  the  spinal  marrow  included  in  it  there 
pass  out  the  nerves  to  go  to  all  parts  of  the  body. 

284.  Having  thus  presented  a  general  view  of  the  spinal 
column,  I  will  now  give  a  particular  description  of  the  form 
and  arrangements  of  the  bones  of  which  it  is  composed,  so  that 
you  may  understand  how  the  various  objects  of  this  wonderful 
structure  are  secured.    In  Fig.  92  you  see  a  representation  of 
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one  of  the  vertebrae ;  a,  being  the  body  of  the  bone ;  5,  the  hole 
which  forms  this  vertebra's  part  of  the  canal  for  the  spinal 
marrow ;  and  c,  the  spinous  process.  It  is  these  spinous  pro- 
cesses that  make  the  row  of  projecting  points  seen  down  the 
length  of  the  back.  There  are  six  other  processes,  only  four  of 
which  you  can  see  in  the  figure.  Four  of  these  processes  serve 
to  lock  the  vertebra  with  its  two  adjoining  ones  above  and 
below,  which  they  do  so  strongly,  that  there  can  be  no  disloca- 
tion of  them  without  a  fracture.  Fig.  93  gives  a  side  \iew  of 
a  vertebra.  Strong  ligaments  bind  these  bones  together,  and 
there  are  very  nnmerous  muades  Attached  to  the  prooenes,  so 
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that  this  jagged  column  of  bones  is  very  tliorougbly  enx'elopod 
in  loftdr  subMtaoces. 

285.  In  Fig.  04.  you  seo  the  whole 
^idaI  column  wilh  tlio  sacrum  on  which 
it  standi).  It  is  !nid  open  by  a  verd- 
cal  sec^on  dividing  it  into  two  halves,  so 
as  to  sbowtlie  innuncr  in  which  the  boncn 
form  the  tubo  that  containa  the  spiaiil 
marrow.  The  dnrkly  sh.idL-d  strip  through 
the  length  of  the  figure  repreaenU  this 
tube.  It  extendi!,  you  see,  down  beyond 
the  limits  of  (he  column  iti(;ir  through  tha 
sacrum.  It  is  bouudud  in  front  by  iho 
bodies  of  the  wrtebnc  roprcscnted  n-ssawn 
through  from  front  to  n?ar,  and  by  the 
spinous  prucesscfl  behind  also  sawn  in  the 
same  way.  In  this  canal  you  see  there 
is  a  row  of  little  openings,  nrrangi^d  just 
belli nd  the  bodii^a  uf  the  vertebrae. 
Through  these  ojwnings,  each  of  which 
is  between  two  of  the  verlehra;,  the  nerves 
go  out  from  the  H]>inal  marrow.  The  ar- 
rangcincnt  is  such,  thnt  the  nen-os  ore 
very  socun'ly  guardenl  against  the  hazard 
of  prLMsuru  in^he  movcnii'Uis  of  the  vertc- 
br;e  upon  each  other.  You  see  also  that 
thorc  .tre  himws  bclwcen  the  bodies  of  all 
the  verlebfie.  These  are  titled  with  car- 
tihigex,  which  vary  in  tliicknesa  in  differ- 
cut  parts  of  the  column,  from  one  quarter 
evfii  to  three  quarters  of  an  inch,  being 
thickest  ill  the  lower  part  of  the  back, 
whuru  the  backward  and  forward  motion 
of  the  vcrtL-bra  u]>on  each  other  is  the 
greatest.  Eiicli  carCil.igo  is  firmly  faa- 
b'lied  to  till!  two  vertebra?,  between  which 
they  are  sitaatod,  by  the  rough  surface  of  the  body  of  the  bone 
which  you  sro  represented  in  Fig.  92.  This  arrangement  of 
c.'irtilngeH  i*  an  ini]iortant  provision  for  the  motJon  of  tlic  iipinnl 
Column.  It  contriliuti'S  greatly  to  its  Ilex ibilitjr  When  you 
stoop  tbrward,  all  of  the  cnrtilagea  are  compressed,  and  when 
you  rise  up  they  rotnrn  to  their  usual  size  by  their  elasticity, 
And  beaides  tlii!>,  they  aeire  to  diminish  any  shock  whidi 
16" 
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might  otherwise  be  transmitted  through  the  column  of  bonei 
to  the  head  with  too  great  force.  There  is  another  guard 
Bffainst  the  injurious  transmission  of  shocks  to  the  brain,  in  the 
Mape  of  the  spinal  column,  the  twenty-four  bones  being  ar- 
ranged, not  in  a  straight  line,  but  in  a  double  curve.  The 
vibration,  communicated  upward  tli rough  the  spinal  column,  is 
thus  not  only  lessened  by  the  elasticity  of  the  cartilages,  but  is 
also  distributed  in  different  directions  by  the  curved  arrange- 
ment of  the  bones.  If  the  column  had  been  made  straight, 
the  head  would  have  been  subject  to  frequent  jars  in  the 
movements  of  the  body,  which  would  be  disagreeable  and 
often  injurious. 

286.  You  have  thus  seen  how  three  different  objects,  ap- 
parently incompatible  with  each  other,  are  accomplished  in  the 
arrangement  of  the  spinal  column.  To  put  twenty -four  bones 
together  in  such  a  way,  that  they  shall  form  a  strong  firm 
pillar  for  the  whole  frame,  and  yet  they  shall  make  a  column 
or  chain  flexible  enough  for  the  various  motions  of  the  trunk 
of  the  body,  and  at  the  same  time  provide  in  this  column  a  se- 
cure canal  for  the  rod  of  nervous  matter  which  moves  all  the 
muscles  of  the  body,  is  to  ])roduce  a  piece  of  mechanism  which 
far  transcends  any  thing  that  has  ever  been  contrived  by  the 
ingenuity  of  man. 

287.  There  remains  to  be  noticed  one  e8j)ecial  contrivance 
in  the  spinal  column.  It  is  at  its  summit,  and*  it  is  for  the 
purpose  of  providing  tor  the  free  qaotions  of  the  head  in  various 
directions,  and  at  the  same  time  securing  the  spinal  marrow  at 
that  part  frx>m  all  hazard  of  pressure  from  these  motions. 
These  two  objects  are  accomplished  in  this  way.  The  head  in 
moving  backward  and  forward  rocks  on  two  smooth  surfaces  on 
the  first  vertebra.  But  when  the  head  moves  to  the  right  and 
left,  this  first  vertebra  moves  along  with  the  head  on  the  second 
vertebra.  And  there  is  a  tooth-like  process  that  projects  up 
from  the  second  vertebra  inside  of  the  first,  around  which  this 
rotary  motion  is  performed.  In  Fig.  95  is  represented  the  first 
vertebra.  J,  J.  are  the  two  surfiwes  on  which  the  head  rests, 
and  rocks  backward  and  forward.  A  is  the  opening  for  the 
spinal  marrow.  L  is  the  strong  ligament  which  confines  the 
tooih-like  process  that  projects  upward  from  the  second  verte- 
bra. In  Fig.  96  is  the  second  vertebra.  P  is  the  tooth-like 
process,  around  which  the  first  vertebra  rotates,  carrying  the 
tikull  with  it    You  see  it  is  smaller  at  its  root  than  at  its  top. 

Im  smaller  part  ia  bound  firmly  by  the  ligament  in  the  fir^t 
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*«Tt«bnt.  Ith  shaped  thus  to  prevent  its  elipping  out  from  tba 
ligttmeiit  J,  J,  are  die  two  surtacea  oD  which  the  first  verte- 
bra ruoves  as  it  rotates  around  the  tooth^like  proceM.  Fig.  97 
shows  the  two  bones  together,  the  tooth-like  process  being  eon- 
fined  in  the  ring  of  the  upper  bono.  Special  painsaretaken  to 
make  this  arraagement  secure,  that  the  |irocess  may  not  be 
in  danger  of  pressing  upon  the  spinal  mBrrow  at  this  important 
point.  It  is  thus  that  the  hiteral  rotary  motion  of  llie  head  and 
tiie  forward  anil  backward  motion  are  secured  by  Wo  joints, 
just  as  in  done  in  the  mounting  of  a  lelescoiie.  The  difference 
u.._-.,_  .!,„  . „„.  ;„  .!.„.  :n  if,g  mounting  of  the  tolesoopi- 
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mounting  of  the  head,  as  we  may  term  it,  a  peculiar  contrivance 
and  a  nice  adjustment  are  needed  to  prevent  injury  of  a  very 
important  organ.  It  is  a  wonderful  contrivance,  by  which  so 
much  and  so  varied  motion  can  be  effected  in  the  very  walls  that 
contain  the  soft  and  delicate  spinal  marrow,  without  injuring 
it  You  will  fully  appreciate  this,  if  you  observe  the  extent  and 
variety  of  the  motions  of  the  head  and  neck,  executed  chiefly 
with  the  two  bones  that  I  have  described. 

288.  In  the  neck  of  birds  there  is  a  contrivance  of  a  different 
character,  for  the  arrangement  which  answers  for  the  motions 
required  by  man,  obviously  could  not  secure  the  very  free  mo- 
tions which  the  bird  executes  with  its  neck.  As  the  bird  bends 
its  neck  at  such  abrupt  angles  in  all  directions,  a  peculiar  ar- 
rangement of  the  vertebrse  is  necessary,  to  prevent  the  spinal 
marrow  from  being  pressed  upon.  The  arrangement  is  a  sim- 
ple, but  effectual  one.  I  can  make  this  plain 
toyouby  the  rough  diagram  in  Fig.  98..'  A,  A,  no.  «a 

are  two  of  the  vertebrae  of  the  neck  laid  open. 
B  IS  the  spinal  canal,  and  C  is  the  spinal  mar- 
row. You  observe  that  each  vertebra  is  larger 
at  its  ends  than  in  the  middle,  allowing  at  the 
joinings  of  the  bones,  where  the  motion  is,  a 
considerable  space  between  the  bone  and  the 
spinal  cord.  Now  if  each  of  these  bones  were 
of  equal  size  throughout,  and  the  spinal  mar- 
row filled  up  the  canal,  you  can  readily  see 
that  when  any  two  of  these  were  much  bent  spinal  column 
upon  each  other,  there  would  be  pressure  upon  *"  *'"^ 

the  spinal  cord ;  and  pressure  would  produce  palsy,  and  oilen 
destroy  life.  But  with  the  simple  arrangement  above  described, 
free  motion,  almost  to  a  right-angle  in  some  directions,  can  be 
executed  without  pressing  on  the  cord.  And  besides  this,  you 
can  see  that  the  cord  by  this  arrangement  will  not  be  bent  at 
an  angle,  as  the  vertebra  are,  but  in  a  curve,  for  the  spaces  in 
the  spinal  canal  at  the  joinings  allow  of  a  lateral  movement  of 
the  spinal  marrow  at  these  points. 

280.  It  would  be  interesting  to  consider  in  full  the  variations 
in  the  spinal  column  in  different  classes  of  animals.  But  I  will 
only  allude  to  a  few  of  them.  In  quadrupeds,  as  they  have 
their  heads  suspended,  instead  of  being  supported,  as  in  man, 
upon  a  column  of  bones,  the  spinous  processes  in  the  neck  are 
▼ery  large,  and  project  much,  for  tne  attachment  of  strong 
moiicles  which  hold  up  the  head  and  move  it    There  is  also 
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ittRched  to  these  proce&ies,  a  veiy  stout  fibrous  ligament,  coin< 

m'onlT  called  the  paxy-teaxy,  to  assut  in  Bustaioiog  the  head. 

In  fiinea  the  spinal  columa  is  so  arranged  as  to 

give  it  a  great  fleiibility.     In  Pig.  99  is  repm- 

MUted  one  of  the  vertebrae  of  a  fiah.     If  you 

compare  it  \rith  a  human  vertf^bra, 

Fig.  92,  yon  will  see  that  it  differs  very  widely 

from  iL     It  has  no  tranavenie  or  side  processes. 

While  the  human  vertebra  baa  one  ipinoas  pro- 

ceu  that  projects  behind,  this  has  two  /,/,  one 

in  front  and  one  in  the  rear,  or  rather,  according 

to  the  usual  position  of  the  fish,  one  above  and 

one  below.     The  body  of  the  vertebra  has  a  cup- 

Uke  cavity  on  each  side  towards  iti  ueigliboriiig 

vertebra.     When,  therefore,  two  of  these  vertebra 

are  joined  togother.their  two  cup-like  ci 

one  cavity  of  the  shnpo  of  a  double  i 

This  is  a  representation  of  a  section 

of  a  portjon  of  tlic  spine  of  a  fish. 

The  division  is  made  so  as  to  cut 

the  vertebne  into  two  halves,  and 

thus  show   the:^   cavities.     Each 

one  of  these  contains  a  sac  which 

is  filled  with   a  gelatinous   fluid. 

This  arrangement,  whicb    securoi 

very  great  flexibility  of  the  spinal 


time  when  you  have  fish  c 
table.     The  long  spinous  processes 

make  the  broad  frame-work  of  the    spikal  column  or  a 
animal,  to  which  ita  muscles  are 

attached.  In  reptiles  there  is  still  greater  flewbility  of  the 
spine  than  in  fiiihes.  This  is  secured  in  two  ways,  by  the 
great  number  of  the  vertebrx,  and  by  a  peculiar  arrangement 
of  tlicm.  There  are  three  hundred  and  four  vertebrce  in  the 
boa  constrictor,  over  three  hundred  in  the  common  ringed 
snake,  and  over  two  hundred  in  the  rattle-snake.  The  articu- 
lations of  the  vertebne  in  reptiles  are  with  a  b.tll  and  socket 
arrangement.  The  forward  part  of  each  vertebra  hai  a  deep 
cup-like  depression,  in  which  plnys  a  round  smooth  bnll  from 
the  back  part  of  the  ncit  vertebra.  And  as  these  joints  are 
firmly  bound  together  by  ligamenCs,  the  spinal  column  is  very 
itrong  as  well  as  flexible.     In  the  gracefully  flexible  neck  of  tm 
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an  arch.  You  can  readily  see  that  when  great  pressure  is 
made  on  the  top  of  the  head,  aa  when  a  heavy  load  is  carried 
there,  there  must  be  a  tendency  to  outward  lateral  pressure  at 
the  base  of  the  dome  of  the  cranium,  and  that  this  is  effectually 
resisted  by  the  temporal  bones  acting  as  buttresses.  The  same 
thing  is  true,  also,  when  a  blow  is  inflicted  on  the  top  of  the 
head.  And  if  a  blow  be  received  at  the  side  of  the  head,  on 
the  temporal  bone,  it  is  evident  that  the  bones  will  not  be  so 
apt  to  be  fractured  and  pressed  inward  upon  the  brain,  as  they 
would  be,  if  they  were  united  by  suture. 

277.  You  are  now  prepared  to  see,  to  what  extent  the  brain 
is  guarded  against  the  effects  of  violence  inflicted  upon  the 
head.  These  effects  come  either  from  fracture  of  the  bones, 
or  from  concussion  without  fracture.  In  either  case  the  vibra- 
tion of  the  parts  concerned  is  the  cause  of  these  effects.  The 
guards  of  the  brain  defend  it  from  injury  by  lessening  or  dif- 
fusing this  vibration.  And  it  is  to  be  observed,  that  when 
vibration  passes  from  one  texture  to  another,  it  loses  some  of 
its  force  in  the  change.  No  two  substances  vibrate  just  alike  ; 
and  when  a  vibration  in  one  is  communicated  to  another,  it  is 
modified,  and  is  therefore  lessened.  Some  substances  modify 
and  lessen  vibrations  communicated  to  them  more  than  others 
do.  If  you  apply  these  principles  to  the  effects  of  violence  on 
the  head,  you  at  once  see  that  the  brain  would  be  much  more 
apt  to  receive  a  dangerous  shock  from  the  vibration  occAsionoil 
by  a  blow,  if  its  coverings  were  condensed  into  one  firm  and 
thick  layer  of  substance,  than  it  is  now.  So  also,  if  the  bones  of 
the  head  were  in  one  solid  layer,  instead  of  having  two  layers,  or 
plates,  with  the  spongy  structure  between,  and  the  integuments 
were  all  consolidated  into  one  thick  substance,  there  would  be 
much  more  liability  to  fracture  than  there  is  with  the  present 
arrangement.  Observe  now  how  many,  and  how  various  are 
the  textures,  through  which  the  vibration  of  a  blow  must  piiss, 
before  it  reaches  the  brain.  Outside  of  the  bone  there  is  first 
the  hair ;  next  comes  the  skin ;  then  there  is  the  cdlular  inoui- 
brane  containing  some  fat;  then  a  muscular  coat;  and  lastly, 
the  lining  membrane  over  the  surface  of  the  bone.  These 
various  textures  must  deaden  very  much  the  force  of  a  blow, 
and  especially  the  outer  cushion  of  hair,  and  those  inner 
cushions,  as  we  may  call  them,  of  fatty  cellular  membrane  and 
of  muscle.  Then,  when  the  vibration  reaches  the  bone,  it  is 
lessened  by  the  two  plates  with  the  intervening  cells,  and 
tbere  ia  diffused  largely  among  the  many  bon<ea  mi  unite  with 
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the  one  on  which  the  force  comes.  Then  as  the  shock  goes 
into  the  brain,  it  is  still  farther  lessened  by  the  membranes 
which  cover  that  organ.  These  greatly  diminish  the  vibration, 
precisely  as  a  coating  of  leather  on  the  inside  of  a  bell  would 
deaden  its  vibration  when  produced  by  a  blow  upon  the  out- 
side. With  all  these  provisions  the  result  is,  that  comparative- 
ly few  of  the  blows  received  by  the  head  do  harm.  The  skull 
may  be  considered  as  a  sort  of  helmet  for  the  brain,  its  effect- 
iveness as  a  defense  being  very  much  increased  by  its  cover- 
ings and  linings. 

278.  There  are  some  especial  guards  at  particular  points  in 
the  cranium,  where  there  is  much  liability  to  exposure  to 
violence.  Thus,  as  the  lower  part  of  the  frontal  bone,  where 
the  eyebrows  are,  is  especially  exposed,  the  distance  from  the 
surface  to  the  brain  is  made  considerable  by  an  intervening 
chamber  in  the  bone,  called  the  frontal  sinus.  This  sinus, 
which  varies  much  in  sizo  in  different  individuals,  is  lined  with 
a  membrane,  and  communicates  with  the  nos«.  You  can  see 
that  this  arrangement  is  a  ^reat  protection  to  the  bone  at  that 
point  The  outA.'r  plate  could  be  broken,  while  the  inner  is  not 
injured.  But  the  protection  which  this  arrangement  affords, 
is  not  confined  to  that  single  point ;  it  serves  also  to  deaden 
the  vibration  of  a  blow  reooivcd  by  any  part  of  the  forehead, 
or  by  the  forehead  as  a  whole."  The  side  of  the  head,  too,  is 
peculiarly  exposed  to  blows.  And,  therefore,  the  skull  is 
peculiarly  guarded  at  this  point.  Beside  the  overlapping  of 
the  temporal  bone  upon  the  pariet^'il,  to  which  I  have  before 
alluded,  the  parietal  bone  is  made  thicker  at  its  lower  part, 
where  it  is  most  liable  to  be  struek,  than  it  is  in  most  of  the 
other  parts  of  it  Then,  too,  the  place  of  joining  of  the 
temporal  and  parietal  bones  is  covered  over  by  a  thick  muscle, 
the  contractions  of  which  you  can  feel  if  you  press  your 
fingers  upon  the  temple  while  moving  the  lower  jaw  as  in  eat- 
ing. This  cushion  of  muscle  is  of  great  use  in  breaking  the 
force  of  a  blow  received  in  that  quarter.  Other  points  might 
be  specified  where  there  is  arrangement  for  special  protection, 
but  those  to  which  I  have  alluded  will  suffice. 

270.  The  cranium  not  only  contains  and  protects  the  brain^ 
but  it  at  the  same  time  serves  various  other  purposes,  and  pro- 
tects other  important  organs.  The  tender  and  delicate  eye  has 
there  a  bony  socket  with  jutting  prominences  all  around  it,  to 
guard  it  against  violence.  The  exceedingly  minute  and  com- 
plicated apparatus  of  the  hearing  is  also  carefully  protected  >)T 
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girafifo  we  have  the  same  ball  and  socket  articulations  of  the 
vertebrae. 

290.  The  framewori  of  the  chest  I  have  already  described 
sufficiently  in  the  chapter  on  Respiration.    The  breastbone, 
which  is  flat  and  of  simple  form  in  man,  is  much  larger  and 
less  simple  in  its  form  in  some  animals.     In  birds  it  is  not  only 
broader,  but  it  has  a  keel-shaped  prelection  for  the  attachment 
of  the  large  muscles  used  in  flight    The  clavicle^  g^  Fig.  86  (so 
called  from  its  resemblance  to  a  key,)  and  commonly  called 
the  collar-bone,  is  attached  at  one  end  to  the  top  of  the  breast- 
bone, and  at  the  other  unites  with  a  process  of  the  scapula,  or 
shoulder-blade  at  the  top  of  the  shoulder  joint.     It  is  a  prop  to 
the  shoulder,  pressing  it  outward  ;  and  accordingly  it  is  large  in 
those  animals,  the  movements  of  whose  superior  extremities 
tend  to  bring  the  shoulders  towards  each  other,  while  it  is  very 
slender,  or  absent  even,  in  those  the  tendency  of  whose  move- 
ments  is  to  keep  the  shoulders   apart     Thus  in   birds   the 
drawing  down  of  the  wings  by  the  strong  muscles  would  bring 
the  shoulders  towards  each  other,  were  this  not  prevented  by 
stout  clavicles.    Sometimes  a  second  bone  is  added  for  the 
same  purpose.     But  in  the  horse  and  other  similar  animals,  the 
pressure  of  the  body  downwards  between  the  shoulders  tends 
to  separate  them,  and  here  we  find  the  clavicle  deficient  because 
it  is  not  needed.     The  scapula,  or  shoulder  blade  is  a  thin  bone 
with  a  stout  raised  spine  or  ridge  running  across  it,  and  ending 
in  forming  the  top  of  the  shoulder  joint.     It  is  situated  dififer- 
ently  from  any  other  bone  in  the  body.     It  is  imbedded  in 
muscles  and  has  a  very  free  motion.    Its  design  is  to  give  free- 
dom of  motion  to  the  arm.    It  is  directly  connected  with  the 
skeleton  only  by  its  union  with  the  clavicle.     In  Fig.  101  you 
see  the  arrangement  of  the  clavicle,  scapula,  and  breastbone. 
C,  C,  are  the  scapulae  or  shoulder-blades. .  A,  is  the  upper  part 
of  the   breastbone.     B,  B,  are  the  clavncles  fastened  to  the 
breastbone  at  one  end,  and  to  the  shoulder-blade  at  the  other 
end  at  E,  which  is  a  process  of  the  shoulder-blade,  making  the 
projecting  top  of  the  shoulder-joint     D,  is  another  process  of 
the  shoulder  which  serves  for  the  attachment  of  muscles  and 
ligaments.    It  is  called  the  caracoid  process,  firom  its  resem- 
blance to  the  beak  of  a  crow. 

291.  The  upper  extremity  is  divided  into  three  parts,  the 
•mi,  the  forearm,  and  the  hand.  The  arm  has  but  one  long 
bone,  the  Atcmerut,  t,  Fig.  86.    This  has  a  round  head  which 

in  a  ahallow  cap  formed  by  the  shouldej^blade.    The 
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sliallowness  of  the  socket  is  the  cause  of  the  frequent  disloca- 
tion of  the  shoulder.  But  if  there  were  a  deep  socket  like  that 
in  which  the  head,  of  the  thigh-bone  is,  the  arm  could  not  have 
any  thing  like  the  freeness  of  motion  that  it  now  has.  Such  an 
arrangement  would  involve  too  much  of  a  sacrifice  of  necessary 
usee  &r  the  sake  of  security.  At  its  lower  part  the  humerus 
makes  a  hinge  joint  with  the  forearm.  The  forearm  lias 
two  boues,  the  radius^  6,  Fig.  102,  and  the  ulna^  a.  The  ]>ar- 
ticular  arranffement  of  these  two  boues  is  worthy  of  notice. 
The  hinge-like  motion  of  the  forearm  upon  the  arm  is  per- 
formed by  the  ulna  alone.  This  bone  has  a  beak-like  process, 
which  works  over  a  smooth  round  surface  at  the  end  of  the 
humerus.  It  is  the  outside  of  this  process  which  you  feel  at 
the  point  of  the  elbow.  The  other  bone,  the  radius,  has 
nothing  to  do  with  this  motion.  This  only  rolls  on  the  ulna 
in  the  rotary  motions  of  the  forearm.  But  at  the  other  end  of 
these  bones,  at  the  wrist,  the  arrangement  is  reversed.  Hero,  it 
is  the  radius  on  which  the  hand  moves  in  a  hincrc-like  manner, 
while  the  ulna  at  c  rolls  on  the  radius,  as  the  radius  does  on  the 
ulna  at  the  elbow.  You  can  readily  see  that  as  the  radius  rolls 
on  the  ulna  at  the  elbow,  and  the  ulna  on  the  radius  at  the  wrist, 
a  very  free  rotary  motion  of  the  forearm  is  provided  for.  The 
combination  of  this  motion  with  the  motions  at  the  wrist,  the  el- 
bow, and  the  shoulder,  Becures  that  almost  endless  variety  of  move- 
ment, which  is  so  striking  a  peculiarity  of  the  upper  extremity, 
as  compared  with  the  lower.  The  hand  is  divided  into  three 
parts,  the  carjms,  p.  Fig.  86,  comj>osed  of  eight  smmi  bones, 
the  metacarpus,  q,  composed  of  bones  which  are  like  the  bones 
of  the  finders,  r.  The  eight  bones  of  the  carpus  are  firmly 
packed  together,  but  they  have  a  slight  motion  u})on  each 
other,  and  this,  together  with  the  motion  of  the  mctarcaq)al 
bones,  makes  the  hand  a  more  easy,  light,  and  springy  instru- 
ment than  it  would  be,  if  these  bones  were  all  consolidated  into 
one.  The  metacarpal  bones  are  the  framework  of  the  flat  part 
of  the  hand,  and  to  them  are  joined  the  first  row  of  the  bones 
of  the  fingers.  The  metacarpal  bone  of  the  thumb  has  a  very 
free  motion  upon  the  carpus,  dififering  in  this  respect  altogether 
from  the  metacarpal  bones  in  the  body  of  the  hand.  The 
bones  in  tlie  wrist  and  hand  are  bound  together  by  very  strong 
ligaments.  Those  which  are  seen  in  the  palm  of  the  hand  are 
represented  in  Fig.  108.  Those  which  you  see  at  a,  6,  and  c 
bind  the  small  bones  of  the  wrist  together,  and  also  tie  them 
strongly  to  the  bones  of  the  forearm,  ue  ends  of  wluch  you  see 


THE  BONES. 
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in  (h«  Figure.  The  bone  at  b,  to  vhich  eo  maiiy  of  then  ligi- 
ments  are  BCtached,is  the  prominent  bone  nhicli  you  feel  at  the 
be^oning  of  the  ]iiilm  of  the  hand  on  tiie  aide  toward*  the 
body.  Tho  ligament  g  connects  this  bone  wiLli  ("he  metacarpal 
bone  of  the  little  finger.  At  d,  d,  are  ligaments  which  running 
acroea  the  hand  bind  the  metacarpal  bones  together  at  their 
beginning.  At  e,  e,  are  similar  ligaments  where  the  bones  of 
tlie  lingers  join  them.  The  bonee  of  the  fingers  and  thumb  are 
etronglj  held  together  hy  lateral  ligameitte,  as  seen  at  /,/. 
The  various  ligamenta  of  the  wrist  and  band  permit  a  sli^t 
motion  between  the  bonea;  and  thus  the  hand  has  freedom 
and  ease  in  its  motions  while  it  is  also  a  veij  strong  and  firm 
inatmment 

292.  The  lower  extremities  have  some  resemblance  to  the 
upper  in  tlieir  structure  and  arrangement,  but  they  differ  from 
them  in  some  important  respects.  Here  firmness  is  the  chief 
object,  while  freedom  of  mobon  is  the  great  thing  to  be  secured 
in  the  structure  of  the  upper  aitremities.  llie  Tower  extremi- 
17 
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lies  Kre  cliiefly  fur  locomotion,  but  the  upper  are  fitted  for  « 
variety  of  purposes.     The  body  is  sujiported  upon  the  loirer 
extrernities,  and,  therefore,  the  thij!;h- 
bones  have  sockota  Id  the  broad  Sar-  ^6.  to*. 

ing  bones  of  the  pelvis  m  and  i,f^^.  80.  i^ 

In  Fig.  1 04  is  reprcseuted  a  rear  view  of 
the  thigh-bone,  lis  bead,  a,  is  round, 
and  (its  into  a  deep  socket  in  the 
jxlvit.  At  (  is  a  depression  in  which 
one  end  of  a  stout  short  ligament  is 
&steneil,  its  other  end  being  attached 
to  the  bottom  of  the  socket.  At  c  is 
the  neck  of  the  bone;  at  i'  ande  are 
two  projections  to  which  are  attached 
large  muscles  to  move  the  limb. 
Along  the  sliaft  of  the  bone,  y,  there 
is  a  rough  ridge,  A,  to  which  mmclis 
are  fastened  ;  i  and  k  are  two  smooth 
surfacts  for  articulation  with  the  leg 
below.  At  I,  Fig.  B6  is  the  bone 
called  the  patella  or  kneepan,  which 
answers  aa  a  defense  to  the  joint, 
and  at  the  same  time  aSurds  a 
mechanical  advantage  to  the  muscles 
which  throw  the  leg  forward.  Those 
muscles  are  &steued  to  the  upper 
fart  of  the  patella,  and  tlien  a  con- 
nection is  formed  \iy  a  strong  tendon 
between  its  tower  part  and  the  large 
bone  of  the  leg.  You  sec  at  once 
that  the  leg  can  be  thrown  forward 
with  more  force  by  this  arrangement, 
tlian  it  could  be  it'  the  tendon  of  the 
muscles  passed  over  tlie  front  of  the 
joint  without  any   patella.      I   shall 

refer  to  this  again  in  the  Chapter  on  the  Muscles.  The  leg, 
like  the  forearm,  has  two  bones,  v  and  w,  Fig.  80  ;  but  unlike 
them  they  arc  constructed  and  arranged  for  strength,  and  not 
for  freedom  of  Tnotion.  The  foot,  like  the  hand,  is  divided  into 
three  parts.  Tlie  tartiu,  o.  Fig.  105,  is  that  part  of  the  foot 
which  extends  from  tJie  heel  to  the  middle  of  the  foot.  It  is 
eomposed  of  seven  bones,  the  largest  of  which  makes  the  body 
cf  toe  bccl.    The  nutalarvu,  (,  hM  fire  long  bonet  naobity 
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from  the  tarsua  to  tlie  toes.  The  toes,  c,  have  fourteen  bonea- 
The  object  of  having  ho  many  bone^  in  the  body  of  the  foot  a 
to  give  a  certain  sprin^ness  to  it,  which  guards  against  shocks, 
and  facilitates  motioQ.  Its  arched  form  also  tends  to  secure  the 
'  same  object.  In  every  moveraent  of  the  fi>ot  there  is  a  slight 
motion  between  all  these  bones.  ThuH  in  wallting,  when  the  foot 
first  touches  the  ground,  it  does  so  at  the  heel,  as  represented  in 
Fig.  105.  Then  as  the  body  moves  forward,  thefore-partof  the 
foot  is  brought  down,  the  weight  of  the  body  at  length  press- 
ing upon  the  ground  at  the  hall  of  the  foot,  b.  In  executing 
this  movement,  elasticity  is  given  to  the  tread  of  the  foot  by 
the  very  slight  motion  which  occurs  between  these  mimj 
bones.  If  the  body  of  the  foot  were  all  one  bone  it  would 
manifestly  be  a  very  stiff  and  awkward  aSair,  and  ease  and 
grace  in  walking  would  be  an  impossibility.  With  such  a  foot 
we  should  not  walk  much  bett«r  thtai  one  does  with  a  woodeu 
leg. 

2B3.  Before  leaving  the  subgect  of  the  ""■  "*" 

bones,  I  will  coll  your  attention  to  the 
proviMon  which  is  made  for  the  easy 
movement  of  their  joints.  The  ends  of 
the  bones  are  tipped  with*  cartilage,  so  aa 
to  afford  a  firm  but  tmooth  aurface  (or  the 
motion  of  the  one  bone  upon  the  other. 
Besides  this  proviMoo,  the  ends  of  every 
two  bones  that  move  upon  each  other  are 
lined  with  a  membrane,  ao  arranged  as  to 
make  a  blind  sac  This  ii  illustrated  in 
Fig.  106,  in  which  a  and  i  are  the  end* 
of  two  bones,  the  sac,  e,  lying  betireen 
them  represented  here  as  detached  from 
ths  bone,  in  order  that  the  arrangement 
may  ha  dsar  to  yon.    It  k  aa  if  a  small 
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Bach  fil»ril  of  a  moaete  auppHad  bj  a  nenroot  tuboioa. 

bladder  were  introduced  between  the  two  ends  of  the  bones, 
and^ere  listened  all  over  the  surfaces  that  press  together. 
The  inside  of  this  sac  is  kept  lubricated  with  a  bland  fluid  re- 
sembling the  white  of  egff,  so  that  the  joint  may  work  easily. 
This  fluid  is  secreted  by  me  membrane  itself,  and  tlie  moving 
machinery  of  the  hnman  system  may  therefore  be  said  to  oil 
its  own  joints.  In  the  knee-joint,  the  broad  sur&ces  of  which 
are  subjected  to  so  much  pressure,  there  are  two  flat  pieces  of 
cartilage  loose  in  the  joint,  which  operate  like  friction  wheels  in 
lessening  the  friction.  There  is  a  similar  provision  in  the 
articulation  of  the  lower  jaw.  This  member  does  so  much 
work  in  talking,  and  such  heavy  work  in  mastication,  that  each 
of  its  joints  has  a  movable  cartilage  for  the  diminution  of 
friction.  Sometimes  when  the  lubricating  fluid  is  deficient,  or 
becomes  too  thick,  a  disagreeable  crackling  noise  is  produced 
by  these  cartilages  in  the  motions  of  the  jaw. 


CHAPTER  XIL 

THE  ICUSGLEBL 


294.  Having  described  the  bones,  I  now  proceed  to.  speak 
of  the  muscles,  which  move  them  and  other  parts  of  the  frame. 
I  have  already  described  the  structure  of  muscles  in  §  203  in 
the  chapter  on  Cell-Life.  Each  fibril,  you  there  saw,  is  a  chain 
of  cells,  and  it  is  the  shortening  of  all  these  chains  of  cells  in  a 
muscle  that  produces  its  contraction.  The  action  of  a  muscle 
is  dependent  upon  the  nerves.  Each*  fibril  has  a  nervous  fibril 
or  tubulus,  (§  232.)  by  which  its  connection  with  the  brain  or 
spinal  marrow  is  established.  And  eadi  fibril  is  in  this  resi)ect 
probably  wholly  separate  from  every  other  fibril.  When,  there- 
fore, the  mind  wills  that  a  certain  motion  shall  be  performed, 
an  fmpression  (g  232)  is  sent  to  each  fibril  of  every  muscle  en- 
gaged in  that  motion,  through  the  tubulus  devoted  to  that 
fibril.  When  the  action  is  a  very  compound  one,  calling  into 
operation  many  muscles,  a  multitude  of  these  impressions  are 
communicated  through  a  multitude  of  distinct  channels  or 
tubuli.  The  individual  is  not  at  all  oonsdoos  of  the  compound 
nature  of  musoular  actioo,  and  he  knows  nothing  of  the  muselea 
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vhicb  produoe  any  particular  movement,  unlew  he  \uui  studied 
mtUaaj  and  physiology.  He  mibi  the  movement  to  take 
jdaoe,  and  at  once  the  roquiiita  impreasioDi  are  seat  along^  the 
^tpiopriata  channels  or  tubuli  to  t&eir  destination.  These  im- 
pnaaionB  must  differ  in  degree  or  inteoBity  in  producing  differ- 
ent amoanta  of  motion  ;  and  they  must  differ- in  some  cases  in 
different  parte  of  the  same  mu»c1e,  as  some  Sbrea  are  put  in 
motion  while  othen  are  not,  or  as  some  act  with  more  force 
than  othere.  I  will  not  dwell  here  on  this  point,  as  I  shall 
recur  to  it  in  another  part  of  this  chapter,  when  I  come  to 
■peak  of  the  compound  character,  and  the  varieties  of  motion. 

2S6.  Muscles  commonly  end  in  tendons,  which,  as  Uiej  are 
white  and  shining,  are  quito  in  conlrant  with  the  red  muscular 
fibres.  The  tendons  have  in  themselrea  no  power  of  contrao- 
tion,  bat  are  mere  passive  cords.  They  have  (he  same  relation 
to  the  muscles,  that  ropes  have  to  the  men  that  pull  them. 
They  are  of  various  shapes,  according  to  circnmstancea.  Long 
and  slender  tendons  may  bo  seen  on  the  back  of  the  hand  in 
thin  persons,  the  musck-s  that  pull  them  being  in  the  full  arm 
above.  The  tendons  are  not  bounded  by  a  distinct  line  where 
they  j<Mn  the  muscles,  but  tendinous  and  muscular  fibres  inter- 
twine, so  that  ihey  appear  to  run  insensibly  into  each  other. 
Tendinous  fibres  also  mingle  in  the  same  Hay  with  the  fibres  of 
bone,  making  so  strong  an  union,  that  a  great  force  exerted  m 
ptdling  on  the  tendon  will  sooner  effect  a  rupture  of  the  tendon 
or  the  bone,  than  a  separation  of  the  connection  between  them. 
The  tendons  are  very  strong,  being  made  of  very  condensed 
fibrouii  substance.  The  tendon  of  a  muscle  is,  therefore,  raubh 
smaller  than  the  muscle  itself.  This  is  a  circumstance  of  much 
importance  in  the  arrnngemeut  of  the  moving  apparatus  of  our 
I^mes.  The  bulky  muscles  and  the  slender  tendons,  are  so 
arranged,  for  example,  in  the  limbe,  as  to  give  them  both  free- 
dom of  motion  and  beauty  of  form.  The  muscles  that  mors 
the  fingers  help  to  make  up  the  full  part  of  the  arm,  while 
their  slender  tondons  occupy  but  little  space  as  they  play  over 
the  bones  of  the  wrist.  If  there  were  no  tendons,  and  the 
muscles  were  extended  to  the  parts  which  they  move,  the  hand 
would  be  a  large  cumbrous  mass,  instead  of  the  light  and  agile 
thing  that  it  is  now.  For  the  muscles  would  of  neo-snity  be 
oontinued  of  their  full  size,  and,  therefore,  the  bones  would  of 
course  be  very  large  in  order  to  afford,  an  attachment  to  the 

SM.  In  the  Mtitm  of  the  mtnelea  moa  the  boiua,  we  hafo 
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examples  of  the  three  kinds  of  lexers  treated  of  in  natural  phi- 
losophy.  Some  of  these  I  will  now  notice.  The  first  kind  of 
lever  has  the  fulcrum  between  the  weight  and  the  power,  as 
represented  in  Fig.  107.    F  is  the  fulcrum,  W  the  we^ht|  and 


Fio.  urr. 


FIRST  KIND  OF  LEYBB. 

P  the  power.  You  have  examples  of  this  lever  in  the  common 
pump  handle,  the  beam  of  a  pair  of  scales,  the  crowbar,  as 
commonly  used,  scissors,  d^c.  You  have  an  example  of  this  form 
of  lever  in  the  human  body,  in  the  action  of  the  muscles  in 
moving  the  head  back  and  forth  on  the  top  of  the  spinal 
oolumn.  In  this  case,  when  the  bead  is  moved  forward,  the 
top  of  the  spine  is  the  fulcrum,  the  weight  to  be  moved  is  the 
bkck  of  the  head,  and  the  power  is  the  contraction  of  the  muscles 
that  bow  the  head  forward.  When  the  head  is  bent  backward, 
the  power  is  the  contraction  of  the  muscles  behind,  and  the 
weignt  is  the  front  part  of  the  head.  The  muscles  that  move 
the  head  backward  are  stronger  than  those  that  move  it  for- 
ward. It  is  necessary  that  it  should  be  so,  for  there  is  more  of 
the  head  in  front  of  the  point  of  support  or  fulcrum  than  there 
is  behind  it  Hence,  when  sleep  relaxes  the  muscles,  if  we  are 
sitting  up  the  head  falls  forward. 

297.  In  the  second  kind  of  lever  the  weight  is  between  the 
fulcrum  and  the  power,  as  represented  in  Fig.  108.  The  com- 
mon wheelbarrow  is  an  example  of  this  form  of  lever.  You 
have  an  example  of  it  in  the  body  in  the  nusing  of  the  heel 

no,  loa 


aipovD  Kxia>  OF  uevxb. 


TOC  ITOBOLES. 


from  the  ground  in  walking.  In  doing  this  the  weigl.t  to  be 
raiaed  it  the  whole  body,  the  foot  being  tha  lever,  and  the 
forwsrd  part  of  the  foot  being  the  fulcrum.  This  will  be  made 
ilear  by  Tig.  109.     W  is  the  lai^  bone  of  the  leg  snataiiUDg 


the  weight  of  the  body;  F,isthefu1cram,  the  forward  part  of  the 
loot  that  ptcaaes  on  the  ground  as  the  heel  ia  raised;  and  F,  is 
the  Uree  muacle  in  the  calf  of  the  leg,  the  power  that  raises 
the  heeT,  the  end  of  the  lever. 

•  298.  In  the  third  form  of  lever  the  power  is  between  the 
weight  and  the  fulcrum.  A  common  example  of  this  is  seen 
in  tine  raising  of  a  ladder.  The  fixed  foot  of  tha  ladder  is  tbe 
fulcrum,  the  ladder  itself  is  the  weight,  and  the  power  is  ap- 
plied >■  far&om  the  folcmm  as  it  can  be.     I^g.  lltLiAresenta 
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a  lever  of  this  kind.  This  form  of  lever  is  more  frequency 
osed  than  the  other  forms  in  the  human  bodj.  We  have  an 
example  of  it  in  bending  the  forearm  upon  the  arm  as  seen  in 
Fig.  Ill,  in  which  1  ia  the  bone  of  the  arm ;  2,  the  lones  of 
the  fbroarm ;  4,  the  muscle  which  bends  the  forearm  upon  the 
arm ;  8,  its  double  headed'  attaohmoit  above ;  ud  6,  ita  at- 
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Uchm  nt  to  the  reditu,  one  of  the  bones  of  the  forearm.  In  thn 
case  the  fulcrum  ib  ut  S,  the  joint  of  the  elbow,  the  weight  » 
th.e  hand  with  whatarer  it  holds,  and  the  power  is  applied  at 
the  point  where  the  tendon  is  fastened  to  the  ulna,  that  is,  as  in 
the  case  of  the  ladder,  between  the  fulcrum  and  the  weight. 
The  muscle  which  straightens  the  foreana  upon  the  arm  it 
reprc«ented  at  7.  I  shall  remark  upon  this  in  another  cod- 
ncction; 

299.  In  the  management  of  the  three  kinds  of  levers  there 
are  two  difierent  ol^ects  ajtned  at  under  different  circumstance*. 
One  object  is. to  move  a  great  weight  with  a  small  power. 
Here  quickne«e  ia  not  aimed  at,  but  the  weight  is  moved  slowly. 
'Ihe  other  object  ia  to  move  the  weight  quicUy,  an  object  in- 
consistsfit  with  the  movins;  of  any  very  heavy  weight  When 
the  otJMku  to  move  a  heftvy  weight  slowly,  the  lever  is  so 
managM  U  to  get  a  good  purchase,  as  it  is  expressed.  Thus 
in  the  cass  of  the  lever  of  the  second  kind,  Fig.  108,  if  the 
weight  be  a  heavy  one,  the  power  is  commonly  applied  at  some 
distftnce  from  tlie  weight.  The  nearer  the  power  is  to  the 
weight,  the  greater  must  it  be  to  move  the  weight.  Tbe  smaller 
the  power,  the  further  must  it  bo  from  the  weight  in  order  to 
raise  it.  But  though  a  small  power  if  at  a  distance  from 
the  weight  answers  to  raise  it,  yet  in  this  case  the  power  must 
move  through  a  considerable  space  to  move  the  weight  but 
little ;  while  to  raise  the  weight  to  tbe  same  height,  a  power 
nearer  to  it  passes  through  but  little  space.  This  will  be  made 
dear  to  you  by  Kg.  1 1 2.  F  is  the  fulcrum,  and  W  the  weight. 
K  the  lever,  A,  be  r^sed  to  the  line,  B,  the  dotted  lines  will 
■how  the  difierent  spaces  which  the  power  paase*  through,  ac- 
cording to  iu  lUstune  from  tbe  weight    If  tbe  power  be  at  F, 


it  paiMs  tiirongh  Uie  space  indicated  by  the  dotted  line  a  n 
moTiDg  the  weight  W  to  t.  Buttf  it  be  if.p,  it  passes  through 
a  much  Bhorter  space,  ft,  in  rai«ing  the  weight  to  the  Mine 
height.  The  mora  important,  therefor^  in  this  form  of  lever 
quickness  of  movement  is,  tfa«  nearer  to  the  weight  is  the 
power  Rpplied.  Let  ns  look  at  the  application  of  these  prin- 
ciplen  to  the  exampte  of  this  kind  of  lever,  which  I  cited  from 
the  human  body,  represented  in  Fij;.  109,  the  raising  of  the 
weight  of  tiic  body  oi>  the  foot  in  walking.  The  power  is  here 
applied  quite  near  to  the  weight,  for  quickness  in  raising  the 
hi.-el  ill  wnlking  and  running  is  of  great  importance.  By  hav- 
ing Uio  heel  jirojeet  further  behind,  the  muHule  could  be  at- 
tached farther  from  the  weight,  and  thus  act  with  more  power. 
But  there  would  in  this  cane  be  n  sacrifice  of  quickness  of  move- 
ment, and  b<4ides  this,  the  lengthened  heel  would  present  a 
very  awkward  and  u^ly  apjrenrance. 

300.  Hut  it  is  in  exampU^x  of  levers  of  the  third  kind  that 
wo  find  ihene  principles  best  illustrated.  This  form  of  lever  is 
much  more  often  used  in  the  mechanii>m  of  the  miuolea  than 
the  other  forma.  I  refer  yoii  lo  tlie  example  given  of  this  lever 
in  the  action  of  the  biceps  muscle  in  bending  the  forearm,  as 
shovvn  in  Fig.  111.  In  this  eiisc  it  is  of  much  more  importance 
to  move  small  weights  quickly,  than  to  move  heavy  ones  slowly. 
Therefore  the  power  is  applied  quite  near  to  the  fulcrum.  He 
ti'nduii  of  the  biceps,  as  you  see,  is  bstened  to  the  main  boue 
of  the  forearm  near  the  fulcrum,  the  elbow.  You  can  readily 
see  that  the  point  where  the  power  is  applied  would  pass 
through  but  a  little  space,  in  moving  a  weight  through  a  con- 
wderitble  one.  The  lower  jaw,  in  its  upward  motion,  is  a  lever 
of  the  satne  kind.  In  this  case,  force  rather  than  quickness  is 
required  in  breaking  and  grindiug  the  food.  Here,  therefore, 
the  power,  the  action  of  the  muscle,  is  applied  farther  from 
the  mlorum  than  in  the  csm  of  the  biceps  muacle  of  the  vm, 
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and  nearer  to  the  weight  to  be  moved,  or  the  point  irhera  the 
reaiBbmce  is  which  ii  to  be  overoome.  It  it  applied  alao  in  a 
differeot  direction,  a  point  which  I  shall  however  speak  of  in 
another  connectjon.  The  muscles  which  move  t^e  lower  jaw 
upward  cui  be  seen  in  Fig.  113.    One  is  the  large  spreading 
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muscle  6,  the  swelling  of  which,  in  its  contraction,  we  can  feel, 
if  we  place  the  fingers  on  the  temple  while  moiing  the  lower 
jaw  upward.  The  other  n  the  short  strong  muscle  c,  the  front 
edge  of  which  is  so  far  forward,  that  one-third  at  least  of  tlie 
lower  jaw-bone  is  embraced  by  this  muscle.  Now,  if  you  com- 
pare this  bone  as  a  lever  with  the  forearm  ae  acted  upon  by 
the  bicepe,  you  will  at  once  see  that  the  power  is  applied  much 
Dearer  to  the  weight,  or  the  resistance  to  be  overcome,  in  tlie 
case  of  the  jaw,  then  in  the  case  of  the  arm.  It  is  so  even  when 
the  resistance  to  be  overcome  is  at  the  front  teeth  ;  and  it  is 
much  more  so  when  the  resistance  is  at  the  back  part  of  the 
month,  at  when  we  are  grinding  our  food.  Here,  indeed,  a  por- 
tion of  the  muscnlar  force  is  brought  to  bear  upon  the  tcaiatanc* 
in  »  dinot  line.    It  is  not  merely  becanae  toe  Imck  toeth  are 
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stronger  than  the  front  ones,  but  also  because  the  power  is  aeuer 
the  resisUtnee,  tbat  we  can  cradi  a  nut  mora  easily  with  the 
back,  than  we  can  with  the  front  teeth. 

301.  It  is  clear  that  the  biceps  muscle  acts,  as  it  is  expressed, 
St  a  mechanical  (lisadvantage,  if  we  regard  mere  power  or  force, 
and  leave  out  of  view  quickness  of  motion.  If  it  were  inserted 
further  dowa  on  the  R>rearm,  nearer  the  bfuid,  it  could  nuse 
mucli  greater  weights  than  it  now  can.  And  thi^ame  can  be 
sjud  of  most  of  the  other  muscles  of  the  body.  But  force  is 
sacrificed  for  the  sake,  of  quickness  in  most  coses,  because  the 
latter  is  more  important.  In  the  few  cases  ia  which  force  is 
more  important,  as  in  the  ca.<>e  of  the  lower  jaw  just.dted,  the 
reverse  arrangement  is  proTided.  The  gain  in  quickness  in  th« 
arrangement  of  the  biceps  muscle  can  be  illustrated  ou  Fig.  114. 


F  being  the  fiilcrum,  the  power  in  raising  the  weight,  W,  to  e, 
if  acting  at  P,  passes  through  the  space  indicated  by  the  dotted 
line  a.  13ut  if  it  act  at  p,  it  will  pass  through  all  the  space  b, 
and  of  coune  raise  the  weight  more  slowly  than  vben  acting  at  F. 
302.  Moat  of  tlie  muscles  work  at  a  mechanical  disadvantage 
in  another  way.  I  refer  to  the  direction  in  which  the  musde 
acts  on  the  bone  to  be  moved.  This  is  seldom  at  right  angles, 
and  therefore  a  considerable  part  of  ihe  force  exerted  ia  lost. 
This  can  be  made  clear  to  you  by  Fig.  115.  Let  6  represent 
the  bone  of  the  arm,  and  r  its  fiilcrum,  or  point  of  support  in 
the  shoulder.  You  readily  see  that  if  the  bune  Iw  acted  on  by 
a  muscle,  m,  at  right-angles  to  it,  it  will  require  less  force  lo 
move  it  to  a  given  point  than  would  be  required  if  the 
'  musda  were  ^aced  m  the  position  represanted  by  n.    Fi 
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no.  115. 


muade  n,  acting  obliquely  on  the  bone  would  expend  a  part  of 
iti  force  in  pressing  the  end  of  the  bone  upward  against  the 
socket  of  the  joint  at  r. 

303.  But  in  this  case  also,  what  is  4ost  in  power  is  gained  in 
quickness  of  movement  This  can  be  shown  on  the  figure. 
We  will  suppose  that  tho  muscle  contracts  or  shortens  itself  the 
half  of  the  length  of  the  teiiHon.  If  the  muscle  were  placed  as 
at  m,  the  bone  would  be  carriod  to  the  line  a,  c.  But  if  the 
muscle  be  placed  as  at  n,  the  same  degree  of  contrnction  would 
raise  the  bone  to  the  line  a,  ef,  the  point  of  the  bone  where  the 
tendon  of  the  muscle  is  attached  moving  in  the  curved  line  as 
marked.  The  resistance  to  be  overcome,  of  course,  requires 
much  more  power  for  the  obliquely  placed  muscle,  n,  to  raise 
the  bone  to  the  line  a,  (f,  than  for  the  muscle  m  to  raise  it  to 
a,  c ;  and  therefore  a  much  larger  muscle  is  needed  than  there 
would  be  if  it  acted  at  right-angles  to  the  bone  as  at  m.  And 
the  muscle  which  raises  the  arm  at  the  shoulder,  acting  as  it 
does  at  so  great  disadvantage,  is  a  very  large  muscle.  The 
muscle,  It,  in  the  figure  re])resentB  only  the  line  of  its  action, 
and  not  at  all  its  shape.  If  you  observe  the  various  motions  of 
the  arm  in  which  this  muscle  has  a  part,  you  will  appreciate 
the  necessity  of  so  arranging  it  as  to  secure  quickness  of  move- 
ment This  was  the  chief  object  to  be  aimed  at  in  its  arrange- 
ment; and  the  second  and  less  important  object,  power,  is 
secured,  so  far  as  it  is  needed,  by  simply  making  the  muscle  a 
large  one. 

804.  The  mechanical  disadvantage,  which  I  have  noticed  as 
resulting  from  the  oblique  action  of  t^e  muscles,  is  in  part  ob* 
viated  by  a  very  simple  oontrivanoe.    It  is  done  by  making  the 
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tendon  of  the  musde  work  over  an  enlargement  of  the  bones  at 
the  joints.  The  operation  of  this  contrivance  can 
be  made  dear  bj  Figs.  116  and  117.  Let  rand 
o  (¥1g.  110)  be  the  two  hones  of  a  joint,  and  let 
the  muscle  m  bo.  attached  to  the  bone  o  at  t.  As 
it  contracts,  alra^t  all  its  force  will  be  spent  in 
drawing  the  bone  o  upward  against  the  bone  r, 
because  it  acts  almost  entirely  in  a  line  with  the 
bones.  But  let  the  ends  of  the  bones  be  en- 
larged as  in  Fig.  117,  and  you  can  see  that  the 
direction  of  the  tendon  of  the  muscle  m  is  so 
changed  where  it  is  attaclied  to  the  bone,  that  the 
muscle  can  now  very  easily  make  the  lower  bone 
turn  upon  the  upper.  The  enlargement  then  of 
the  bones  at  the  joints,  which  is  needed  to  give 
the  requisite  extent  of  surface  for  working  them, 
answers  also  anotlier  good  purpose  in  thus  alter- 
ing the  direction  of  forccTin  the  muscles.  In  the 
case  of  the  knee-joint  there  is  an  additional  contrivance  for 
making  this  change  of  direction  still  greater.  A  movable  bone, 
the  patella  or  kneepan,  besides  acting  as  a  protection  to  the 
joint,  effects  also  the  purpose  referred  to.  The  manner  in  which 
it  does  this  can  be  made  plain  by  Fig.  1 18,  in  which  a  represents 
the  end  of  the  thigh-bone ;  b,  the  end 
of  the  large  bone  of  the  leg  articulat- 
ing with  it ;  c,  the  patella ;  d,  the  large 
tendon  which  comes  from  the  musde 
above,  and  is  fixed  into  the  patella; 
and  e,  the  tendon  which  goes  from 
the  patella  to  the  large  bone  of  the 
leg  below.  The  dotted  line  shows 
how  much  the  direction  of  the  force 
of  the  musde  is  changed  by  this  ar- 
rangement. The  movement  performed 
by  this  muscle  is  throwing  the  leg  and 
foot  forward,  which  it  is  by  the  above 
arrangement  of  the  patella  enabled  to 
do  with  great  ease  in  walking,  and 
with  great  force  in  the  act  of  kicking. 
805. '  The  pulley  is  used  in  the  ar- 
rangement of  the  musdes,  though  by 
no  means  as  often  as  the  lever.    It 

serves,  whenever  it  is  used,  to  give  the  force  a  different  direction 
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horn  what  it  would  oiherwise  have.  I  will  cite  but  a  few 
examples.  At  the  wrist  and  the  ankle  there  are  broad  liga- 
ments, which  bind  down  the  tendons  of  the  muscles,  and  susr- 
tain  to  them  the  relation  of  pullies.  .  If  it  were  not  for  these 
lisaments  the  tendons  at  these  joints  would  fl^i  out  continually 
when  the  muscles  are  in  action,  making  pro)#ting  cords  under 
the  skin.  And  if  the  skin  were  removed,  the  tendons  would 
be  in  a  position  similar  to  that  represented  at  A,  in  Fig.  119. 

nc.  110. 


In  this  Figure,  C  is  tlic  tendon  of  the  great  toe  in  its  position  as 
bound  down  by  ligaments.  Now  if  the  muscle  were  in  the 
position  represented  by  A,  it  is  plain  that  it  would  act  at  a 
greater  mechanical  advantage  than  in  the  position  C ;  but  the 
toe  would  not  be  moved  as  quickly ;  and  brides,  if  the  tendons 
projected  in  this  way,  the  foot  would  be  a  very  cumbrous  piece 
of  machinery,  compared  with  what  it  is  now,  with  the  tendons 
bound  down  around  the  slender  ankle.  So  that  both  beauty 
and  use  are  secured  by  the  arrangement 

806.  There  is  a  beautiful  application  of  the  pulley  in  the 
case  of  the  muscle  that  draws  down  the  lower  jaw,  called 
the  digastric  muscle.  It  is  represented  in  Fig.  120,  in  which 
a  is  one  end  of  the  muscle  attached  behind  the  ear,  and  h  is  the 
other  end  attaehed  to  the  inside  of  the  lower  part  of  the  chin. 
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DIOASTRIC    UCaCLE, 

It  b  mnscnlar  at  tbo  two  ends,  and  tendinous  in  ito  middla 
part.  This  middle  part  rnoi  through  a  loop  or  ring  in  a  bduU 
muscle  as  repreaenteJ  in  the  Figure.  Tois  little  muscle  ii 
fastened  above  to  a  sm&U  process  of  bone  under  the  ear,  and 
belon  to  the  hy oid,  or  U-shaped  bone,  e,  which  is  situated  just 
above  the  larynx.  Now  when  the  jaw  is  to  be  drawn  down, 
the  two  fleshy  ends  of  the  diffastrie  muscle  contract,  and  tha 
middle  tendinous  part  works  in  the  ring  provided  in  the  little 
muscle.  ThiH  muscle  is  so  slender,  that  its  loop  is  of  itself  alom 
hardly  strong  enough,  as  we  should  luppoeo,  for  the  tendon  ot 
so  large  a  muscle  as  tlie  digastric  to  work  in.  And  we  accord- 
ingly find  that  there  is  nn  additional  security  in  a  strong  liga- 
ment, which  fastens  the  tendon  of  the  digastric  muscle  to  the 
hyoid  bone.  This  ligamint  (which  I  have  not  represented  in 
the  figure,  because  it  would  confuse  your  view  of  the  pulley- 
action  of  the  parts)  ie  sufficiently  long  to  allow  of  all  the 
freedom  of  motion  necessary  to  drawing  the  jaw  downward. 
You  see  at  once  that  one  object  of  this  arrangement  of  the  di- 
gastric muscle  is  to  secure  beauty  of  form  va  the  neck.  A 
muscle  extending  from  thp  top  of  the  chest  to  the  chin  in  a 
straight  direction  would  very  effectually  drawdown  the  lower  jaw, 
but  it  would  be  a  great  deformity,  Tbisisavoided  by  the  pulley- 
arrangement  of  the  digastric  muscle.  But  this  muscle  answers 
another  purpose  besides  drawing  down  the  jaw.  If  while  the  jaw 
be  held  fait  by  murcles  which  draw  it  upward,  the  dupKttv 
contracts,  it  will  draw  op,  ns  you  can  readily  see  hj  ' 
the  hyoid  bone,  e,  and  with  it,  of  counn,  the  )aijm 
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tached  to  it.  Now  precisely  this  set  of  motions  occurs  when  we 
swallow.  The  mouth  is  shut  by  the  drawing  up  of  the  jaw, 
and  then  the  contraction  of  the  digastric  muscle  draws  up  the 
larynx,  as  you  can  perceive  if  you  place  your  fingers  on  the 
larynx,  or  Adam's  appje,  as  it  is  called,  when  you  perform  the 
act  of  swallowing.  The  little  muscle  in  which  the  loop  is, 
renders  some  assistance  to  the  digastric  in  thus  drawing  up  the 
hyoid  bone  and  the  larynx,  as  you  can  see  by  the  Figure. 

807.  I  will  notice  one  more  example  of  the  pulley-ar- 
rangement It  is  in  the  eye.  There .  are  six  muscles  that 
move  the  eye-ball.  Five  of  them  are  represented  in  Fig.  121. 
There  are  four  stnught  muscles,  three  of  which  are  marked 
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<iy  h,  c;  the  fourth  is  behind  b,  -the  upper  edge  of  it  only 
being  seen  in  the  Figure.  Those  muscles  are  at  their  origin  in 
the  back  part  of  the  socket  of  the  eye  arranged  round  the  optic 
nerve,  and  passing  forward  are  atUicbed  to  the  sclerotic  coat, 
the  firm  white  coat  of  the  eye.  The  two  lateral  muscles,  6,  and 
its  opposite,  move  the  eye  to  the  one  side  and  the  other,  and 
the  two  muscles,  a  and  c,  perform  the  up  and  down  motions. 
But  there  are  certain  oblique  rolling  motions  of  the  eyeball 
which  can  not  be  executed  by  these  straight  muscles.  For  these 
motions  two  muscles  are  provided,  one  of  which  has  a  pulley- 
arrangement,  as  represented  in  the  Figure.  This  muscle,  «,  has 
a  long  tendon  which  passes  through  a  ring  in  cartilage  in  the 
roof  of  the  socket,  and  then  turning  back  is  fastened  as  you  see 
to  the  upper  part  of  the  eyeball.  This  muf^cle,  as  stated  in  the 
chapter  on  the  Nervous  System,  is  under  the  direction  of  one 
nerve  alone.  It  is  an  involuntary  muscle  which  performs  the 
insensible  rolling  motions  of  the  eyeball,  and  like  the  other  in- 
voluntary muscles  of  the  body,  is  at  work  while  we  are  asleep, 
as  well  as  when  we  are  awake.  It  is  the  muscle  which  rolls 
about  the  eye  tremulously  when  it  is  open  in  the  insensible 
•t«te  iometimeB  produced  by  disease. 
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308.  Every  muscle  perforining  a  motion  has  its  opposing 
muscle  or  muscles,  whicn  perform  the  opposite  motion.  In  the 
case  of  any  two  opposing  muscles  the  one  must  be  in  some 
measure  relaxed  while  the  other  is  in  action.  Thus  in  alter- 
nately bending  the  elbow,  and  straightening  it,  there  is  alternate 
action  and  relaxation  in  the  two  opposite  muscles  4  and  7,  as 
represented  in  Fig.  111.  So  in  moving  the.  head  hiack  and 
£[>rth  the  muscles  in  front  and  rear  are  alternately  contracted 
and  relaxed.  Paley  very  aptly  compares  this  to  the  action  of 
two  sawyers  in  a  pit,  as  they  move  the  saw  back  and  forth. 
The  comparison,  however,  is  not  strictly  true,  because  the  re- 
laxing muscle  is  never  wholly  relaxed.  There  is  indeed  in  every 
muscle  some  amount  of  contraction  which  is  independent  of 
action  through  the  nerves,  whether  it  be  reflex,  or  produced  by 
the  will.  ■  For  this  reason  the  muscles  cut  off  in  amputation 
of  a  limb  retract.  So  also  if  the  muscles  on  one  side  of  the 
face  be  .palsied,  the  muscles  on  the  other  side  draw  the  mouth 
to  that  side.  The  mouth  is  held  in  the  middle  of  the  face  by 
the  equal  action  of  pairs  of  muscles.  The  head,  too,  is  held  in 
equilibrium  in  the  same  way.  In  what  is  called  wry-neck,  this 
tonic  contraction,  as  it  is  sometimes  termed,  is  greater  in  the 
muscles  on  one  side  than  it  is  on  tlie  other.  In  some  cases  a 
cure  can  be  effected  only  by  dividing  the  contracted  muscles. 
In  strabismus,  or  squinting,  one  of  the  straight  muscles  of  the 
eyeball  contracts  too  strongly  for  its  opposing  muscle,  and  as 
in  wry-neck,  dividing  the  contracting  muscle  is  often  necessary 
to  remedy  tjie  difficulty. 

300.  Most  motions  are  not  performed  by  single  muscles,  but 
by  the  joint  and  agreeing  action  of  several,  and  sometimes 
many  mui»cles.  And  as  these  muscles  may  vary  to  a  great 
extent  in  their  degree  of  contraction,  the  motions  produced  by 
them  are  not  only  compound,  but  are  exceedingly  varied.  To 
iilastrate  this  compound  and  varied  character  of  motion,  I  will 
refer  to  a  single  example  in  which  only  two  muscles  are  con- 
cerned in  the  motion.  In  Fig.  113  you  see  a  pair  of  muscles, 
one  of  which  is  marked  A,  which  extend  from  the  large  protu- 
berances behind  the  ears  to  the  top  of  the  breast-bone.  In  the 
neck  of  a  thin  muscular  person  these  muscles  are  very  promi- 
nent When  tliey  contract  eguqffy,  the  head  is  bent  straight 
forward  in  the  middle  line  between  the  muscles,  and  a  line 
drawn  from  the  middle  of  the  forehead  down  to  the  brea-st- 
bono  would  strike  exactly  at  the  point  where  these  two  muscles 
unite.    But  if  one  muscle  contracts  more  strongly  than  the 

18* 
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other,  the  head  as  it  bows  forward  bows  towards  the  side  on 
which  is  the  strongest  contraction.  And  as  the  degrees  of 
contraction  in  these  two  muscles  may  be  endlessly  varied,  so 
there  may  be  an  endless  variation  in  the  degree  of  inclination 
of  the  head  to  one  side  or  the  other,  as  it  b  bent  forward.  If 
then  so  great  a  variety  in  the  direction  of  motion  may  be  pro- 
duced by  variation  in  the  degrees  of  action  in  two  muscles,  you  can 
leadily  see  that  an  almost  infinite  variety  of  motion  must  result 
from  this  variation,  whore  many  muscles  are  called  into  action. 

810.  I  know  not  any  part  of  the  body,  which  exemplifies  in 
so  palpable  a  manner  the  compound  and  diversified  character 
of  muscular  motion  as  the  tongue.  It  is  mostly  a  bundle  of 
muscular  fibres,  apparently  mingled  together  in  confusion,  but 
really  arranged  in  perfect  order,  so  that  it  can  be  moved  with 
great  definiteness  in  all  directions,  forward,  backward,  upward, 
downward,  to  either  side,  and  in  all  intermediate  directions.  If 
you  stand  before  a  glass,  and  opening  your  mouth,  move  the 
tongue  rapidly  about  in  all  these  directions,  you  think  of  a  har- 
lequin performing  his  antics.  But  all  this  wonderful  variety  of 
movement  is  produced  in  obedience  to  the  definite  action  of 
nerves,  whose  fibres  are  mingled  with  the  muscular  fibres  of  the 
tongue.  And  in  order  to  produce  each  motion  there  is  an  agree- 
ment of  action  not  between  merely  many  of  these  fibres,  but 
between  multitudes  of  them. 

811.  With  the  view  which  I  have  given  you  of  the  compound 
and  varied  character  of  muscular  motion,  you  are  prepared  to 
take  a  general  survey  of  the  muscular  system.     For  this  pur- 

C3 1  call  your  attention  to  a  side  view  of  the  muscles  of  the 
y  as  presented  in  Fig.  122.  I  must  premise,  that  you  can 
get  no  idea  from  this  Figure  of  the  number  of  the  muscles  in 
the  body,  for  you  see  here  only  the  outer  layer  of  muscles,  and 
there  are  many  muscles  concealed  by  them.  You  observe  that 
they  are  of  various  shapes  and  sizes,  according  to  the  motions 
which  they  are  designed  to  produce,  and  the  circumstances 
in  which  they  are  placed.  They  are  round,  long,  short,  flat, 
fsn-shaped,  circular,  serrated,  ^c  I  will  point  out  some 
of  them.  At  a  is  the  very  large  muscle  that  makes  the 
fleshy  prominence  at  the  upper  part  of  the  arm,  and  the 
office  of  which  is  to  raise  the^irm,  carrying  it  out  from  the 
body.  You  observe  that  its  fibres  are  not  all  arranged  alike 
but  lie  in  different  directions,  llie  result  is,  that  while  the 
arm  is  Taised  by  the  muscle  as  a  whole,  it  may  be  carried  at 
the  same  time  forward  or  backward  by  the  varying  action  of 
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these  diflferent  fibres.  There  are  mauj  of  the  mosdes  of  the 
body  which  are  made  thus  to  produce  various  results  bj 
variation  of  the  action  of  different  parts  of  the  same  muscle. 
And  the  regulation  of  this  variation  by  the  nerves  is  one  of 
the  most  wonderful  and  m3rsterioua  tnings  which  we  find  in 
our  study  of  the  nervous  system.  For  each  fibre  in  the  cases 
referred  to  is  told,  as  we  may  express  it,  just  how  much  it  must 
do  in  order  to  produce  the  requisite  general  motion  of  the 
muscle.  It  is  manifestly  much  more  wonderful  thus  to  pro- 
duce various  but  accurately  graduated  contraction  in  different 
parts  of  the  muscle,  than  to  produce  an  uniform  contraction  in 
all  its  fibres. 

312.  I  go  on  with  my  notice  of  the  particular  muscles.  At 
b  is  the  biceps  musde,  which  bends  the  forearm  upon  the  arm, 
and  at  e  is  another  muscle  that  assists  the  biceps.  At  e  is  the 
large  muscle  in  the  back  of  the  arm,  which  acts  in  opposition 
to  the  biceps,  and  straightens  the  forearm  upon  the  arm.  At 
d  \s  &  muscle  which  rolls  the  radius  outwards,  and  thus  turns 
the  palm  of  the  hand  upward  as  seen  in  the  Figure.  At  ^  is  a 
very  large  broad  muscle  coming  from  the  whole  length  of  the 
back,  and  at  the  axilla  or  arm-pit,  its  fibres  are  collectod, 
twisted,  and  folded  upon  each  other.  The  muscle  is  fastened 
by  a  stout  tendon  to  the  upper  and  back  part  of  the  bone  of 
the  arm,  and  its  office  is  to  pull  the  arm  backwards  and  down- 
wards. At  A  is  a  serrated  nniscle,  which  rising  from  the  ribs, 
goes  to  the  shoulder-blade,  and  serves  to  draw  the  shoulder- 
blade  forwards.  At  i  is  one  of  the  broad  muscles  of  the  ab- 
domen. At  I  and  k  are  two  large  muscles  that  move  the 
thigh.  At  0  and  p,  as  seen  on  tlie  right  thic^h,  and  at  n,  as 
seen  on  the  left,  are  three  large  muscles,  which  are  fastened  to 
the  kneepan,  and  serve  to  throw  the  leg  forward  hs  described 
in  S  304.  At  q  is  the  tendon  that  forms  the  outer  hamstrinjr, 
and  at  r  are  the  two  tendons  which  form  the  inner  one.  The 
muscles  to  which  these  tendons  belong,  serve  to  bend  the  leg 
upon  the  thigh,  drawing  it  upward  and  backward.  At  s  is 
the  muscle  which  makes  the  bulk  of  tlie  calf  of  the  leg.  It 
lifts  the  heel  upward  and  backward,  and  it  is  seen  in  action  m 
the  right  leg  of  the  Figure.  Its  strong  tendon  which  is  at- 
tached to  the  top  of  the  heel  bone  is  called,  on  account  of  its 
strength,  the  tendon  of  Achilles.  This  muscle  is  in  Fig.  109, 
the  power  P  which  raises  the  weight  of  the  body,  W,  on  the 
fulcrum,  F,  as  the  heel  ia  raised  from  the  ground  in  walking. 
318.  In  Fig.  188  you  have  a  rear  view  of  tlje  muscles.    At 
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ingly  great.  I  will  now  call  jour  attention  more  particularly 
to  these  pointB,  as  you  can  more  readily  appredate  them  after 
the  general  view  which  you  have  taken  of  the  muscular  system. 
Even  when  only  a  part  of  the  body  is  put  in  motion,  there  are 
often  many  muscles  engaged  in  the  act  Take,  for  example, 
the  act  of  swallowing,  which  I  have  described  in  §  78  in  the 
Chapter  on  Digestion.  In  this  compound  act  the  muscles  of  the 
jaw  close  the  mouth,  the  tongue  thrusts  the  food  back  into 
the  throat,  the  digastric  muscle  (§  306),  pulls  up  the  larynx, 
and  the  epiglottis  is  at  the  same  time  snut  down  by  muscles 
upon  the  opening  into  the  larynx,  to  let  the  food  slide  over  it 
In  speaking  and  singing  the  action  of  the  muscles  is  much  more 
complicated  than  in  the  act  of  swallowing.  The  muscles  of  the 
chest  work  the  bellows  of  the  oigan  (for  such  is  the  relation  of 
the  chest  to  the  musical  instrument,  the  larynx,)  the  muscles  of 
the  vocal  ligaments  put  them  in  the  state  of  tension  required 
to  produce  the  note  intended,  the  muscles  of  the  epiglottis  raise 
it  to  let  the  sound  out,  and  the  muscles  of  the  throat,  palate, 
tongue,  and  lips,  give  articulation  to  the  sound  as  it  comes  from 
the  larynx.  And  obser\'e,  that  some  of  the  same  parts  are  en- 
gaged in  the  act  of  speaking  that  are  engaged  in  that  of  swal- 
lowing, but  are  put  in  different  positions  for  the  two  acts. 
Thus,  Uio  epiglottis  is  raised  up  when  we  speak,  and  is  shut 
down  when  wo  swallow,  atrd  the  larynx  is  raised  up  when  wo 
swallow,  and  is  drawn  down  again  when  we  speak.  And  how 
quickly  we  pass  from  the  one  act  to  the  other,  as  we  mingle 
our  talking  and  eating  together !  And  we  do  it  with  such 
fiicility  and  precision,  Uiat  it  is  a  very  rare  accident  that  a  crumb 
or  a  drop  slips  into  the  larynx.  Observe  farther,  that  when  we 
take  a  breath,  as  well  as  when  we  speak,  the  epiglottis  must  bo 
rabed,  tlie  air  passing  in,  instead  of  passing  out  as  in  s].>oaking. 
The  parts,  therefore,  are  often  engaged  in  these  different  acts, 
not  only  distinct  from  each  other,  but  inconsistent  with  each 
other  also,  and  they  change  from  one  of  these  acts  to  another 
so  readily,  that  as  we  eat,  and  breathe,  and  talk,  we  are  con- 
scious of  no  disturbance,  and  scarcely  ever-of  any  effort  iu  the 
change.  No  change  of  action  in  any  machinery  of  man's  in- 
vention can  be  at  all  compared  with  this  in  the  precision  and 
facility  of  the  change,  much  less  in  its  complicated  character. 

818.  But  if  there  be  complication  and  variety  of  action  when 
but  one  part  of  the  body  is  put  in  motion  by  tlie  muscles,  there 
will  be  vastly  more  when  the  muscles  of  the  body  as  a  whole 
are  brought  into  aotion.    If  you  look  at  Fig,  122,  you  see  the 
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mnscles  generally  in  more  or  leas  action,  and  the  action  of  each 
one  baa  its  particular  relation  to  the  attitude  assumed.  If  now 
the  attitude  be  varied,  thia  particular  relation  of  each  muscle 
mnat  be  varied  also.  If,  for  example,  the  right  foot  be  carried 
forward  bo  A  to  bring  the  weight  of  the  body  on  to  that  foot, 
instead  of  the  left,  on  which  it  now  resU,  as  represented  in  the 
Figure,  all  the  muscles  of  the  frame  will  have  «  difierent  mic- 
tion in  their  action.  And  not  only  this,  but  while  the  body  is 
changing  from  the  one  attitude  to  the  other,  there  will  be  a 
continual  change  of  this  relation.  At  no  one  moment  duriDg 
the  act  or  motion,  which  changes  the  attitude,  will  the  state  la 
contraction  in  each  muscle  be  precisely  the  same,  that  it  is  at 
any  other  moment.  Thus,  the  state  of  the  muscles  in  the  be- 
ginning of  the  change  of  attitude  is  altogether  different  from 
what  it  is  when  the  movement  is  half  accomplished.  And  the 
same  can  be  said  of  any  other  two  points  in  tie  prepress  of  the 
movement.  The  same  is  true  of  any  other  general  action 
of  the'muscles.  Thus,  if  one  is  pulling  with  his  feet  braced,  tho 
muscles  do  not  remwn  in  the  same  relative  condition  all  the 
time,  but  as  the  body  which  is  pulled  yields,  the  relative  tension 
of  the  muscles  is  changed  every  moment.  But  there  is  no 
movement  which  exemplifies  this  change  of  relative  condition 
of  the  muscles  so  well  as  that  of  balancing.  If  with  the  views 
which  I  have  presented  in  your  mind,  you  observe  some  one 
who  is  slullful  m  balniicing;,  you  will  be  impressed  with  the  ever 
changing  but  precisely  regulfttcd  degree  of  tension  in  the  differ- 
ent muscles,  and  with  tho  variety  of  combination  in  their 
action. 

31fi.  I  will  not  comment  to  any  extent  upon  the  general 
movements  and  attitudes  of  the  body.     But  I 
will   here  simply  call  your  attention  to  one  ""'  '**■ 

mode  of  action,  in  which  a  large  number  of 
the  mosclea  are  called  iuto  play,  on  account  of 
its  analogy  to  an  expedient  often  used  in  me- 
chanics. 1  refer  to  what  is  called  the  toggle- 
joint.  This  I  will  eiphiin.  Let  e,  a,  and  e,  b, 
represent  two  bars  connected  tt^ther,  like  a 
carpenter's  folding  mle,  by  a  hinge  or  joint  at 
e.  Sappoae  the  two  ends,  a  and  6,  to  lie  fitted 
into  the  two  blocks  represented  in  the  Figure. 
If  now  the  block  at  6  is  fixed,  and  the  block  at 
a  is  movable,  and  force  be  applied  to  the  joint  ' 

■  g  it  towawls  .^  the  block  *t «  will  bo    tooolmoiot. 


218  nUMAS   PHYSIOLOGY. 

EilmplB  of  thg  Ufgtt-imM  in  dukuUi  nvnmHte. 

E teased  upward  with  conBiderable  power.  If  on  the  other 
aod,  the  block  at  £  is  movable,  and  that  At  n  ia  fixed,  the  block 
at  b  will  be  pressed  downward.  We  see  thia  latter  furnj  of  the 
oontrivHDce  applied  in  printing  presacs.  In  the  human  body 
this  to^le-joint  is  usoil  in  both  ways.  When  o5e  stoops  to 
take  a  heavy  weight  upon  hia  back  or  shoulder,  he  puts  both 
the  knee  and  the  tiip-joiDts  into  the  condition  that  the  toggle- 
joint  is  when  it  is  bent;  and  then  a.*  he  atraightena  up,  the 
weight  is  raised  by  an  action  of  the  joints  precisely  similar  to 
that  of  the  toggle-joint  in  machinery.  In  the  case  of  the  knee, 
the  strajghtenini;  of  the  joint  is  done  by  the  muscles  on  the 
timti  part  of  the  thigh,  that  draw  up  the  kaeepan  with  the 
tendon  attached  to  it.  Tliia  is  using  the  principle  of  the  toggle- 
joint  in  pressing  upiaard.  It  is  also  sometimes  used  in  pressing 
downward.  In  crushing  any  thing  with  the  heel,  we  give  great 
force  to  the  blow  on  the  principle  of  the  toggle-joint,  by  flexing 
the  ktaeo  and  straightening  the  liiub  as  we  bring  down  the  heel 
upou  the  thiug'to  be  crushed.  In  punhiug  any  tiling  before  us, 
we  beud  the  elbow  as  preparatory  to  the  act,  and  then  thrust 
the  arm  out  straight,  thus  exemplifying  the  toggle-joint.  The 
horse  gives  great  tlirce  to  his  kick  in  the  same  way.  The  great 
power  exerted  by  beasts  of  draught  and  burden  is  to  be  referred 
very  much  to  the  principle  of  tbe  toggle-joint.  When  a  horse 
is  to  draw  a  heavy  load,  he  bends  all  his  limbs,  especially  tlie 
hinder  ones,  and  then  as  he  straightens  them,  he  Ktnrta  the 
load.  In  this  ca,se  the  ground  is  the  fixed  block  of  the  me- 
chanism, the  body  of  the  horse  to  which  the  load  is  attached  is 
the  movable  one,  and  his  limbs  are  so  many  to^le-joints.  By 
this  application  of  the  principle  we  see  draught  horses  move 
very  heavy  loads.  "So,  (adniittinjf  fable  to  be  fact,")  says  Dr. 
Griscom,  "  when  tlie  farmer,  in  auswer  to  his  petition  for  assist- 
ance, was  commanded  by  Hercules  to  exert  himself  to  raise  his 
wagon  from  the  pit,  he  placed  his  shoulder  agiunat  the  wheel, 
and  drawing  his  body  up  into  a  crouching  attitude,  whereby  all 
his  joints  were  flexed,  and  making  his  feet  the  fixed  points,  by 
a  p<)werrul  muscular  effort,  he  straightened  the  toggle-joints  of 
his  limbs,  and  the  wheel  was  raised  from  its  bed  of  miry  clay. 
His  hordea  at  the  same  moment  extending  tlieir  joints,  the 
heavily  laden  wagon  was  carried  beyond  the  reach  of  farther 
detention." 

320.  The  hand  is  tbe  most  wonderful  of  all  parts  of  thr 
body,  in  regard  to  variety  and  oomplicatioQ  of  oMVement 
rhere  are  over  fifty  mnades,  which  am  engaged '  in  the  taiiow 
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motions  of  the  upper  extremity,  all  of  which,  of  couree,  have 
more  or  leu  reference  to  the  hand.  Indeed  the  hand  is  the 
part  of  the  upper  extremity  to  which  all  its  othur  parts  are 
tributary',  and  therefore  we  may  properly  coneidec  all  these 
muscles  as  in  a  great  measure  belonging  to  the  band.  Jf  now 
jou'call  to  mind  the  fact,  that  each  one  of  these  muscles  con 
vary  tbe  afnounl  of  its  contraction  in  all  degrees,  from  the  most 
powerful  action  down  to  the  slightest  movement,  you  can 
readily  see  that  fifty  muscles  with  this  power  of  variation  can 
produce  an  almost  endless  number  of  combinationa  of  motion. 
The  variety  would  be  exceedingly  great,  even  if  every  muscle, 
whenever  it  acted,  had  always  the  same  amount  of  contraction. 
But  the  power  of  varying  the  amount  of  contraction  multiplies 
the  variety  to  an  inconceivable  extent. 

321.  If  you  wstch  the  movements  of  the  hand  with  its  fingers, 
■s  you  exercise  it  in  a  great  variety  of  motions,  you  can  get 
some  idea  of  its  capabilities  in  this  respect.  If  too,  you  ob- 
»erveits  movements  in  different  individuals  in  all  kinds  of  Inbor 
and  handiwork,  you  will  be  still  more  impressed  with  the  ex- 
treme variety  of  its  movemenis.  It  is  capaole  of  performing  the 
heaviest  and  rudest  wort,  and  at  tlie  same  time  tlie  most  deli- 
cate. How  wide  the  difference  between  wielding  the  ax  or  tile 
aledge-banimer,  and  moving  the  engraver's  tool  in  some  of  the 
finest  productions  of  his  art  I  How  firm  is  its  grasp  of  tba 
hammer,  and  yet  how  gentle  is  its  pressure  upon  the  g^ver,  as  it 
moves  it  in  almb«t  invisible  lines  I  The  shape  of  tbe  hand,  with 
its  fingers  of  unequal  Length,  and  its  thumb  ojiposite  to  them, 
capable  of  touching  the  tip  of  each  of  tbe  fingers,  or  all  of  them 
together,  enablei  it  to  accommodate  itself  to  a  vast  variety  of 
shapes  and  sizes  of  objects;  and  its  delicate  papilhe,  filled  with 
nerves,  and  arranged  in  rows,  as  you  can  see,  on  the  tips  of  the 
fingers  under  the  skin,  endow  this  wonderful  instrument  with  a 
seusibility  which  guides  its  muscular  movements.  '  When, 
therefore,  we  consider  the  almost  endless  variety  of  its  motions, 
the  delicacy  and  accuracy  of  its  sense  of  touch,,  and  besides 
tiiese,  the  force  and  grace  with  which  it  acts  in  the  expression 
of  thought  and  feeUng,  we  hardly  wonder  that  some  have  fixed 
upon  the  hand  as  man's  distinguishing  characteristic,  and  we 
are  impressed  with  the  thought,  that  it  is  a  fitting  instrument 
of  work  and  ezpiessioa  for  that  mind,  which  is  the  image  of 
Ood  in  mm. 

822.  Having  thus  token  a  sttrvey  of  the  muscular  system,  let 
di  look  ftr  &  momsnt  wA  t)w  whole  machinaiy,  as  it  works  whMk 
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it  is  engaged  at  the  same  time  in  some  general  movement,  and 
in  some  special  movements  of  some  departments  of  it  Look, 
for  example,  at  some  one  who  is  busied  in  conversation  while  he 
is  walking,  and  is  perhaps  at  the  same  time  twirling  somethinfif 
in  different  directions  in  his  fingers.  Here  you  have  a  general 
action  of  the  muscles  as  described  in  §  318,  and  with  it  a  par^ 
ticular  action  of  two  sets  of  muscles  in  two  different  parts  of  the 
body ;  and  yet  so  well  do  the  nerves  regulate  these  various 
movements,  that  there  is  no  disturbance  or  confusion  in  the 
complicated  machinery.  While  the  muscles  of  the  arm  and 
fingers  are  at  work  executing  their  diversified  motions,  the  little 
muscles  of  the  larynx  are  ever  varying  the  notes  of  the  yoice, 
and  the  muscles  of  articulation  are  putting  that  voice  into  evety 
variety  of  shape.  And  while  these  movements  are  going  on  in 
these  particular  parts  of  the  system,  the  machinery  as  a  whole 
18  executing  one  of  its  grand  general  movements.  And  besides 
all  this,  the  mij^scles  of  respiration  are  at  work  all  the  while,  in- 
troducing air  into  the  lungs  to  change  the  blood,  and  forcing  it 
out  through  the  trachea  to  make  the  vocal  ligaments  vibrate; 
and  that  compound  muscle  the  heart  is  pumping  at  the  rate  of 
seventy  times  a  minute  sending  the  blood  through  its  tubes 
every  where  ;  and  if  there  be  any  food  in  the  stomach,  the  mus- 
cular fibres  of  that  organ  are  at  work  churning  the  food  to 
make  more  blood.  How  complicated  is  the  machinery  that  per- 
forms all  these  operations,  and  yet  with  what  precision  every  mus- 
cle, nay,  every  individual  fibre  works  in  obedience  to  the  nerves  I 
323.  The  question  arises,  how  in  all  the  diversified  action  of 
the  muscles  their  nice  adjustment  is  effected.  How  do  the 
muscles  hiow,  as  we  may  express  it,  just  how  much  to  do  in 
each  movement  ?  When,  for  example,  you  reach  your  hand 
up  to  touch  some  object,  how  does  each  muscle  know  just  what 
degree  of  contraction  is  necessary  to  make  the  hand  go  with 
precision  to  Uie  particular  jKiint  arrived  at  ?  And  so  when  one 
is  playing  on  an  instrument  with  the  fingers,  as  the  piano,  vary- 
ing their  pressure  continually  in  accordance  with  the  desired  loud- 
ness of  the  sound,  how  does  each  muscle  know  just  what  amount 
of  contraction  is  required  of  it  in  each  movement  ?  Though  the 
8en.ses  of  vision  and  touch  afford  some  assistance  in  the  guidance 
of  muscular  action  in  such  cases,  sometliing  else  is  manifestly 
necessary.  Sir  Charles  Bell,  therefore,  supposes  that  there  is 
what  he  calls  a  muscular  sense,  which  acts  as  a  guide  to  the 
muscles,  in  connection  with  the  senses  of  sight  ana  touch.  In 
some  oases  it  is  the  sole  guide.    On  this  subject,  ^r  Charles 
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sajs,  "  When  a  blind  man,  or  a  man  nith  bis  eyes  shut,  standi 
upright,  neither  leaning  upon  or  touching  aught ;  bj  what 
means  is  it  that  he  maintains  the  erect  position  ?  The  sym- 
metry of  his  body  is  not  the  cause ;  the  statue  of  the  fiaeHt  pro- 
portion must  be  soldered  to  its  pedestal,  or  the  wind  will  cast  it 
down.  How  is  it,  Uten,  that  a  man  sustains  the  perpendicular 
posture,  or  inclines  in  duo  degree  towards  the  winds  that  blow 
upon  Kim  ?  It  is  obvious  that  he  has  a  sense  by  which  he 
knows  the  inclination  of  his  body,  and  that  he  has  a  ready  ap- 
titude to  adjust  it,  and  ti)  correct  any  deviation  from  the  pei^ 
pendicular.  What  sense  then  is  this?  for  be  touches  nothing, 
and  sees  aotiiing  ;  there  is  no  organ  of  sense  hitherto  observed 
which  can  serve  him,  or  in  any  degree  aid  him.  Is  it  not  that 
sense  which  is  exhibited  so  early  in  the  infant,  in  the  fear  of 
felling  ?  Is  it  not  the  full  development  of  that  property  which 
was  early  shown  in  the  simple  of  the  infant  while  it  yet  lay  in 
the  nurse's  arms  ?  It  can  only  be  by  the  adjustment  of  musclM 
that  the  limbs  are  stiffened,  the  body  firmly  balaoced,  and  kept 
erect.  There  is  no  other  source  of  knowledge,  but  a  sense  of 
the  degree  of  exertion  in  his  muscular  frame,  by  which  a  man 
can  know  the  position  of  his  body  and  limbs,  while  he  has  no 
point  of  vision  to  direct  his  efforts,  or  the  contact  of  any  eztep- 
nal  body.  In  truth,  we  stand  by  so  fine  an  exercise  of  thk 
power,  and  tlie  muscles  are,  from  habit,  directed  with  so  much 

Erecision,  and  with  an  effort  so  slight,  that  we  do  not  know 
ow  we  stand.  But  if  we  attempt  to  walk  on  a  narrow  ledg«, 
or  stand  in  a  situation  where  we  are  in  danger  of  falling,  or  rest 
on  one  foot,  we  become  then  subject  to  apprehension  ;  the  actions 
of  the  muscles  are,  as  it  were,  magnified  and  demonsCratiTe  of 
the  degree  in  which  they  are  exdted." 

324.  It  is  obvious  then  that  this  muscular  sense  informs  the 
mind  of  the  changing  postures  of  the  body,  and  guides  the 
muscles  in  effecting  these  postures.  And  it  has  a  particular  set 
of  nervous  fibres  devoted  to  it,  separate  from  those  fibres  which 
esdte  the  muscles  to  action',  though  they  are  ordinarily  in- 
cloaed  in  the  same  sheath,  liiis  sense,  it  may  also  be  remarked, 
is  a  source  of  pleasure,  as  well  as  the  other  senses.  The  mo- 
tions of  the  body  are  attended  with  a  sense  of  enjuymetit,  which 
lightens  labor,  and  adds  Best  to  our  active  sports.  The  L'njoy- 
ment  of  the  muscular  sense  we  see  constantly  eicmplilied  in  the 
gambols  of  animals.  It  may  be  still  further  remarked,  that  this 
sense  is  capable  of  bang  educated  like  the  other  senses.  But 
<^  tbia  I  alull  apeak  in  anollier  pl^oe. 
19" 
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CHAPTER    XIII. 

LANQUAOB  OF  THE  MTTSCLESL 

825.  As  THE  nerves  of  sensation  are  the  inlets  of  all  know- 
ledge to  the  mind,  the  nerves  of  motion  are  the  outlets  bv 
which  all  knowledge  is  communicated.  Thought  and  feeling 
are  expressed  only  by  muscular  motion.  It  is  true  that  there 
are  some  accompanying  and  subordinate  modes  of  expression, 
as  the  flowing  of  tears,  the  action  of  the  capillaries  producing 
blushing,  and  the  paleness  occasioned  by  fear.  But  these 
could  not  of  themselves  alone  communicate  thought  and  feel- 
ing, and  can  do  so  only  by  being  associated  with  other  signs. 
They  only  add  force  to  the  expression  already  produced  by 
muscular  action.  Inde<*d  they  are  signs  which  can  not  be  un- 
derstood, unless  muscular  action  interpret  them.  Thus  if  tears 
flow,  wo  know  not  whether  they  are  t<?ars  of  joy  or  sorrow,  ex- 
cept as  the  expression  of  the  countenance  informs  us  ;  and  ex- 
pression, as  I  shall  show  you  in  this  chapter,  is  wholly  the 
result  of  the  action  of  muscles.  So  too,  the  muscles  of  the  face 
tell  us,  whether  the  blush  that  mantles  there  is  the  blush  of 
shame,  or  of  modesty.  And  when  we  see  paleness  caused  by 
fear,  we  know  that  this  is  the  cause,  only  from  the  expression 
of  the  countenance  and  the  attitude  of  the  body,  which  may 
very  properly  be  called  the  expression  of  the  body,  though  it  is 
much  less  marked  than  the  expression  of  the  countenance. 

326.  It  is  by  the  voice  chiefly  that  thought  and  feeling  are 
communicated.  And  every  variation  of  note,  or  of  articulation, 
is  caused,  as  I  shall  show  you  in  the  next  chapter,  by  the  action 
of  muscles.  When  the  muscles  of  the  hand  communicate  to 
others  thought  and  feeling  by  writing,  they  merely  translate 
the  language  of  the  muscles  of  the  vocal  organs  inte  conven- 
tional signs.  Leaving  the  language  of  these  vocal  muscles  for 
another  chapter,  I  shall  in  this  notice  the  language  of  the  other 
muscles  of  Uie  body  and  especially  of  those  of  the  face. 

327.  As  we  watoh  an  animated  speaker,  we  see  that  it  is  not 
the  face  alone,  that  adds  force  to  his  utterances  by  its  corres- 
ponding expressions.  Various  parts  of  the  body  in  a  measure 
do  the  same  thing.  The  head  is  nodded  or  shaken,  the  shoulder 
is  shrugged,  the  foot  is  stampad,  and  above  all,  the  hand  exe* 
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eutea  a  great  variel}'  of  motions,  in  corre-'ipDndenco  with  tht 
thoughts  and  feelings  which  the  mouth  utters.  Sonietimes  too, 
the  whole  frame  ia  brought  into  action.  The  gestures  and  the 
attitudes,  which  are  but  gestures  of  the  wholo  body,  aro  ini- 
portant  aids  to  the  orator  in  conveying  his  thoughU  and  feelings 
into  the  tninda  of  his  auditors. 

328.  This  language  of  the  rau?cles  is  used  to  a  greater  ex- 
tent than  we  are  conscious  of  in  our  ordinary  int«rcour«e.  We 
Bie  not  itware  how  much  we  communicatt;  in  this  way.     This 

■  language  is  by  no  means  confined  to  those  palpable  acts  which 
this  subject  suggests  at  once  to  the  mind, — uie  broad  laugh 
of  merriment;  tnc  sighing,  and  sobbing,  and  weeping  of  grief; 
the  Etam|)ing  of  the  foot  in  anger;  the  pointing  of  the  finger  in 
odling  attention  to  any  particular  subject ;  the  gesture  used  in 
beckoning  one  to  come  to  you,  &c.  But  it  includes  numeroua 
little  and  scarcely  observed  motions,  which  in  gre^t  variety 
add  to  the  significance  of  the  words  which  we  utter.  And  in 
the  case  of  the  countenance,  far  more  is  conimunicrited  in  the 
t^;greg.ito  by  the  constant  gentle  play  of  the  muscles,  than  by 
the  broader  and  inoro  palpable  expressions,  which  are  oecaaion- 
ally  produced  by  their  stronger  action.  The  deaf  mute  can 
gather  from  the  language  of  the  muscli^,  as  it  accompanies  the 
voice  that  he  can  not  hear,  much  more  information  as  to  the 
passing  conversation  than  one  would  suppose  thut  he  could. 
And  the  full  capabilities  of  this  language  we  eim  only  learn,  by 
observing  to  what  wonderful  extent  the  deaf  and  dumb  can 
communicate  with  each  other  by  the  use  of  natural  signs,  with- 
out any  aid  from  those  which  aro  nrfiScial.' 

329.  While  in  man  the  muscles  of  the  fiice  aro  the  chief 
agenU  of  expression,  in  other  animals  the  very  limited  expres- 
sion of  which  they  are  cajiable,  is  chielly  effected  by  other  parts 
of  tlie  body.  For  oxarupio,  the  dog  wags  his  tail,  the  cat  puts 
«p  her  back,  the  garac-cock  spreads  out  his  ruff  of  feathers  on 
his  head,  &a.  Rage  is  almost  the  only  passion  which  can  be 
expressed  by  animals  in  the  countenance.     They  can  snarl,  but 
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th«j  can  not  Uogh  or  or.  Hence  it  bas  been  aud,  tliat  hub 
oan  be  veiy  properly  oktinguiahed  ^m  other  i"''"^'"  by 
oftlljng  him  "  a  laughiDff  and  crying  animaL" 

880.  Though  ihe  vanety  of  expreaaion  in  the  hnman  eomi- 
tenance  is  very  great,  it  is  ordinarily  produced  by  the  actioD 
of  very  few  musclee.  The  principal  miuclea  are  these — the 
mOBcle  that  wrinkles  the  eyebrow,  causing  frowning;  the 
miucles  which  draw  down  the  oomen  of  the  mouth ;  and 
those  which  draw  them  up.  When  a  smile  occnra,  it  is  pro- 
duced by  the  muscles  which  raise  the  comers  of  the  month. 
Whan  aadneaa  is  ezpreeaed,  it  is  done  by  the  muecleB  by  which 
the  comers  of  the  mouth  are  drawn  down.  Qcnoe  the  ori^ 
of  the  common  expression,  "  down  in  the  month,"  In  Uught«r, 
the  muscles  which  raise  the  comers  of  the  mouth  act  Btronsly, 
wrinkling  the  cheek,  simply  because  the  comer  of  the  month  la 
oarried  up  so  far  as  to  push  up  the  cheek  before  it.  One  other 
muscle  is  brought  into  some  action — the  circular  muscle  which 
doeet  the  eyelids — for  the  eyelids  are  brouglit  nearer  hither 
in  laughter,  though  in  mere  smiling  they  are  not.  In  ¥^g, 
126,  representing  broad  laugliter,  you  see  tlie  two  efftcta 
q>oken  of  above,  the  wrinkling  of  the  upper  part  of  the  chetk, 
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■nd  the  partial  doeura  of  the  eyelids.  In  weeping,  tiia 
muaolce  that  draw  down  the  corncn  of  the  mouth,  which  in 
the  mere  expreasioa  of  sadness  act  sUghtly,  now  act  etrongly. 
At  the  same  time  the  frowning  muscle  wrinkles  the  eyebrow. 
In  ordinary  weeping  it  does  so  but  slightly,  but  in  weeping 
from  pain  this  muscle  is  strongly  contracted.  So  it  is  also 
when  there  is  crossness  mingled  with  the  grief.     Fig.  127, 


which  is  the  face  of  a  faun  weeping  from  pain,  illustrates  these 
pointe.  Sir  Charles  Bell,  from  whose  work  on  the  Anatomy 
of  Expression  most  of  the  figures  in  this  chapter  are  taken, 
says  lliat  he  represents  the  expression  of  weeping  in  the  face 
of  a  fiiun,  because  it  is  mean  and  ludicrous  as  seen  in  the 
countenance  of  man. 

SSI.  Iti>  T«fy  commonly  supposed  that  the  eye  has  much 
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to  do  i{ith  the  expression  of  the  coantoutnce,  M>d  henoa  swh 
phnues  as  these  are  in  luivena]  oae — a  speaking  ere;  a  wild 
ty%;  (}ie  witchery  of  the  eye;  the  ^e  flashed,  Ao.  Bnttheere 
of  itself  has  do  active  agencf  in  expression.  The  muacua 
which  more  it  hare,  but  not  to  any  great  extent  ordinarily. 
Of  them  I  Bhall  speak  in  another  part  of  this  chapter.  The 
apparent  expression  which  the  eye  has  is  merely  apparent,  and 
not  real.  It  results  alUigcther  Irom  the  poaition  of  the  psrta 
Rbout  the  .eye.  This  can  be  prorod  to  you  by  any  portrait 
painter.  It  is  related  of  an  artist  that,  when  a  roya]  visito. 
was  admiring  a  sketch  of  the  face  of  a  weeping  child,  he  stud 
to  him,  "  has  your  majesty  a  mind  to  aee  how  easy  it  la  to 
make  this  very  child  laugh?"  As  the  kingsud  that  he  shonld 
like  to  see  it,  the  artist  rubbed  out  a  little  at  the  comeis  of  th« 
mouth  and  on  the  eyebrows,  and  added  a  few  atrokea  to  represent 
the  corners  of  the  mouth  as  r^sed,  and  the  eyebrows  as  witli 
out  wrinkles,  and  the  face,  which  was  the  moment  before  tho 
very  picture  of  grief,  now  exhibited  a  merry  laugh.  Afterward 
he  as  readily  restored  the  original  expression.  Now  in  tliia 
CMC  there  wore  the  same  eyes  in  the  two  expressions.  The  al- 
terations were  made  only  in  the  neighboring  parts,  and  the 
same  eyes  were  apparently  weeping  eyes  at  one  time  and 
laughing  ones  at  another. 

S32.  In  Fig.  128  and  120  you  can  see  how  much  the 
mouth  alone  affects  the  expression  of  the  whole  countenance. 
Tho  apparent  expression  of  the  eye  is  wholly  altered  by  the 
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oliange  ftbout  the  mouth.  If  we  could  add  st  the  Bame  time 
a  ohnnge  at  the  eyebrovs,  the  expiMuoa  of  the  eye  would  b« 
much  more  affect^. 

333.  The  language  which  is  ordinarily  used,  in  relation  to 
the  agency  of  the  eye  in  the  expression  of  the  countenance, 
implica  that  the  eye  itself,  apart  from  any  motion,  changes  in 
the  changing  expression.  How  this  is  done  is  not  inquired; 
but^cre  sceins  to  be  an  ill  defined  notion  that  the  animal 
apirira,  as  it  is  expressed,  flow  into  the  eye  more  or  less  freely 
with  the  changing  feelings,  or  tliat  a  nervous  influence  is 
exerted  in  some  way  opon  the  eve,  alterbg  ita  appearance. 
These  notions  are  so  univenal,  ana  arc  so  inwrought  into  our 
language,  and  especially  the  language  of  poetry,  that  scientific 
men  even  are  apt  to  use  the  expressions  to  whii^h  they  give  rise, 
in  their  descriptions  of  the  language  of  the  passions.  Even  Sir 
0.  Dull,  in  his  celebrated  book  on  the  Anatomy  of  Expression, 
in  describing  tho  expression  of  the  emotion  of  joy,  uses  the 
phrase,  the  eye  is  lively  and  aparkling.  Let  me  not  be  under- 
stood to  mean,  that  I  would  have  the  expressions,  in  such  uni- 
verHal  use  in  common  language  and  in  poetry,  given  up.  I 
would  as  soon  claim  that  tho  expression,  the  sun  rises,  should 
be  abandoned  in  common  language.  But  as  the  astronomer 
would  have  it  understood,  that  the  apparent  fact,  that  the  aun 
rises,  is  only  apparent,  not  real,  so  as  n  physiologist,  I  would 
have  it  understood,  that  the  apparent  active  agency  of  the  eye 
in  the  expreeaion  of  the  eouuten.ince  is  not  real.  And  as  it 
would  be  objectionable  to  speak  of  the  Run  as  rising,  in  a  book 
on  astronomy,  so  in  a  professional  book  on  the  Anatomy  of 
JExpression  it  is  objectionable,  in  a  description  of  the  physical 
signs  of  an  emotion,  to  use  tlie  common  phrases  in  regiird  to 
the  agency  of  the  eye  m  expression. 

334.  Uanng  thus  noticed  the  principal  muscular  motions 
that  are  concerned  in  the  expression  of  the  countenance,  I  pro- 
pose now  to  go  more  extensivelv  into  the  subject,  and  show 
you  how  other  muscles,  besides  tiioae  to  which  I  have  alluded, 
act  in  producing  certain  expressions.  I  shall  also  show  how 
the  expressions  are  varied  by  combinations  of  muscular  action, 
for  it  is  as  true  of  the  muscles  of  expression  in  the  face,  as  it 
is  of  the  muscles  generally,  as  slated  in  §  309,  that  almost  every 
movement  is  produced,  not  by  the  action  cf  one  muscle  aioiie, 
but  by  the  action  of  several,  sometimes  many  muscles.  Tha 
TBriom  expressions  of  the  countenance  are  all  of  them  com- 
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pound  nnuta,  lome  <^them  more  so  than  others. 
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836.  I  will  fint  call  yotir  attention  to  the  pafdcolu  n 
of  e^reauon  in  the  aoo,  and  indicate  their  loode  of  kotioii. 
They  are  represented  in  Mg.  ISO.     There  ia  a  thin  flat  mnaoU 
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covering  the  whole  top  of  the  head,  represented  at  1,  3,  and  8 ; 
3  being  its  thin  tendinous  part.  It  is  fastened  to  the  large 
bones  Sehind,  and  in  front  its  fibres  end  in  the  skin  of  the  fore- 
head and  the  eyebrows,  and  in  the  circular  muscle  of  the  eye- 
lids, 4.  When  it  contracti,  therefore,  it  raises  tlie  skin  of 'the 
forehead  and  tlie  eyebrows ;  and  if  it  contract  strongly,  it 
wrinkles  the  forehead.  Hio  circular  muscle  of  the  eyelids,  4, 
when  it  contracts  closes  the  eye.  This  and  the  large  frontal 
muscle  Just  described,  you  can  see,  must  have  much  to  do  with 
the  expression  of  the  countenance.  There  m  a  very  important 
though  small  muscle  which  is  not  seen  on  this  ii^re.  You 
see  it  on  Fig,  113,  at  a.  It  is  attached  to  the  bone  at  the  side 
of  the  top  of  the  nose,  and  is  insorted  into  the  skin  of  the  eye- 
brow. It  ia  called  the  corrugaior  supercUii,  or  wrinkler  of  the 
eyebrow.  From  the  agency  which  this  muscle  has  in  the  ex- 
pression of  certain  passions  and  emotions,  comes  the  word  in 
•0  oommon  tue,  mpermlioaa.    Though  «  litUfl  mtsole,  it  ii 
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truly  a  aupercilioua  one.  It  has,  as  you  will  see  as  we  g^3  on, 
ft  la^  play  in  many  varieties  of  expresBion,  produ^  by 
eombioatiouB  of  action  in  the  muscles  of  the  face.  There  are 
two  muBclee  on  the  nose,  5  and  6,  which  compress  the  nose, 
and  wrinkle  its  skin.  They  have  some  agency  in  certain  ex- 
presaiona  of  the  countenance.  At  7  is  tbe  circular  muscle  of 
the  mouth.  When  this  contracts  it  closes  the  lips,  and  if  it 
act  strongly  it  pushes  them  out.  This  is  the  muscle  with  which 
in  part  pouting  is  done.  At  8  is  a  muscle  which  is  fastened 
above  to  the  bone  of  the  nose,  and  runs  down,  its  fibres  ending 
in  the  wing  of  the  nose,  and  in  the  nm>er  lip.  When  it  con- 
tracts, therefore,  it  moves  the  wing  of  the  nose  outward,  and 
draws  up  the  tip.  You  see  this  muscle  in  action  in  some  - 
emotions,  the  nostrils  appearing  spread  out.  At  9  is  a  muscle 
which  raises  the  Up,  and  at  10  and  11  are  two  muscles,  that 
raise  the  comer  of  the  mouth,  carrying  it  a  little  to  one  side. 
At  13  is  the  muscle  which  acts  in  opposition  to  the  two  last 
It  pulls  the  corner  of  the  mouth  down.  At  12  is  the  muscle 
which  pulls  down  the  lower  lip.  At  16  is  the  muscle  in  the 
side  of  the  mouth,  which  draws  the  comer  of  the  mouth 
backward,  and  also  serves  to  press  the  cheek  inward,  and  thus 
preveut  the  food  from  getting  outside  of  the  t«eth  when  we  are 
chewing  it  This  musde  also,  by  its  compressing  power,  forces 
out  the  air  from  the  mouth  when  the  cheeks  are  distended,  as 
in  blowing  a  hom  or  a  trumpet.  Hence  it  is  called  butciTiator, 
from  buetinare,  to  blow  a  trumpet.  At  15  is  a  large  muscle 
which  closes  the  lower  jaw  against  the  upper,  and  although  its 
chief  use  is  to  masticate  the  food,  it  has  some  agency  in 
the  expression  of  the  countenance,  in  fixing  the  teeth  firmly 
together,  as  in  the  eipo^saion  of  r^;e.  There  are  three  muscles 
which  move  the  ear;  10,  moving  it  upward;  17,  forwiuvl; 
and  21,  backward.  These  have  but  httie  power  in  man,  but 
in  some  animals  they  move  the  ear  considerably,  and  are 
prominent  agents  of  expression. 

936.  In  Fig.  131  the  muscles  about  the  mouth,  which  have 
BO  much  to  do  with  the  expression  of  the  countenance,  are  very 
distinctly  shown.  At  a  is  the  muscle  which  draws  up  the  wing 
of  the  nose  and  the  lip  ;  b  raises  the  lip;  c  raises  the  comer  ot 
the  mouth ;  d  and  e  raise  the  comer  of  the  mouth,  and  at  the 
same  time  cany  it  outward ;  n  draws  it  outward ;  m  draws  it 
downward  and  ontward  in  which  it  is  assisted  by  a  broad  thin 
muscle,  o,  which  situated  just  under  the  f\>n  comes  up  fro&r 
the  neok ;  I  draws  the  lower  lip  dowowud  ;  and  i  is  the  cii 
20 
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cular  muficle  wliich  closes  the  lips,  and  tbrustn  them  out  in 
pouting.  At  A  is  a  short  muscle  which  is  faaU>ned  to  tJip  sockets 
of  the  teeth,  and  has  its  fibres  ending  in  the  skin  of  the  chin.  It 
therefore  draws  the  chin  up  wlien  it  contracts.  It  has  so  much 
agency  in  the  expression  of  scorn  and  contempt  that  it  has  been 
called  llie  tuperbus.  It  ia  hythu  action  of  this  muscle,  together 
with  the  drcular  mnscle  i,  that  the  expression  termed  pouting 
is  produced.  The  muscles  which  I  have  thus  described  are  att 
in  pairs ;  and  in  every  pair  both  muscles  contract  always 
exactly  alike,  unless  affected  hy  disease.  We  laugh  and  frown 
and  weep  on  both  sides  alike.     All  of  these  muscles  of  ex- 

Ereasion  in  the  face  are  governed  in  their  action  by  th« 
ranches  of  one  nerve^  the  respiratory  nerve  of  the  fece. 
When  this  nerve,  therefore,  is  paralyzed  on  one  side,  and  not 
on  the  other,  as  is  no  uncommon  occurrence,  these  muscles  on 
the  paralyzed  side  are  motJonless,  and  the  individual  can  laugh 
and  frown  and  weep  on  only  one  side  of  the  face.  In  Fig.  82 
you  have  illustrated  the  result  of  this  partial  paralysis,  tba 
£m»  being  perfectly  quiescent  on  the  left  side.  The  contrast 
would  have  been  still  greater  if  the  face  had  been  repre- 
Moted  M  in  mora  deinded  action,  as  laoghing,  fi>r  example. 
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SS7.  HaviDg  thus  described  the  muscles  of  ttie  face  which 
are  the  agents  of  expression,  I  will  now  show  their  action  in  the 
expression  of  different  passions  snd  emotions.  And  I  rernark, 
that  70U  will  see,  as  I  proceed,  that  eo  far  from  there  being  any 
one  muscle  devoted  to  the  expression  of  one  emotion  or  passion, 
expression  is  commonly  the  result  of  the  combined  action  of 
many  muaclei.  And  you  will  also  sec  thai,  by  virtue  of  this 
combination,  the  same  muscle  often  takes  a  part  in  the  ex- 
pression of  various  emoUons. 

338.  When  the  frontaLmuscle  (I,  2,  3,  Fig.  130)  contracts 
it  raises  the  eyebrows.  lais  motion  expresses  either  doubt  or 
surprise,  and  the  observer  determines  which  it  is,  by  the  ex- 
pression of  other  parta  of  the  countenance  accompanymg  it,  or 
m  other  words,  by  the  action  of  other  muncles  in  the  face. 
When  this  muscle  contracts  very  strongly,  it  draws  up  the  eye- 
brows so  much,  as  to  pnsh  up  the  ^skin  of  the  forehead,  and 
wiinkle  it.  This,  as  you  #ill  soon  see,  is  one  of  the  many  mo- 
tions of  the  face  which  make  up  the  expression  of  great  bodily 
fear.  Id  joy  this  muscle  acts  moderately,  raising  the  eyebrow, 
therefore,  but  a  little.  This  muscle  oU^n  acts  in  connection 
with  the  comtgalor  svpercilii,  the  wrinkler  of  the  eyebrow. 
This  may  be  seen  in  Fig,  132,  respresenting  a  testy,  peevish, 
jealous  melancholy.  Here  the  currugator  and  the  frontal 
muscles  are  both  in  strong  action.  You  see  also  in  this  face 
certain  muscles  about  the  mouth  acting  forcibly.  The  muscle 
which  draws  the  comer  of  the  mouth  down  is  in  action  while 
the  ruperbttt  (A,  Fig.  131,)  is  drawing  up  tlie  chin  which 
pushes  up  the  lip  before  it  At  the  same  time  the  muscle 
which  draws  up  tJie  wing  of  the  nose  and  the  lip,  (a,F\g.  131,) 
contracts  to  some  extent,  producing  an  arching  of  the  mouth, 
and  a  peculiar  shape  of  the  wings  of  the  nose.  The  upper  lip 
is  arched  by  the  aclJon  of  this  muscle  in  such  a  way,  aa  to  fit 
the  arching  upward  of  the  lower  lip,  produced  by  the  superbuM 
and  the  muscle  which  draws  down  the  corner  of  the  mouth. 

339.  In  the  expression  just  described,  and  illustrated  by  the 
figure,  you  see  that  the  muscle  which  draws  down  tike  corner 
of  the  mouth  has  a  considerable  agency.  Now,  this  muscle  is 
the  chief  agent  in  the  expression  of  sorrow,  as  you  saw  in  the 
first  part  of  this  chapter.  The  difference  in  the  two  cases  lies 
in  the  combination  of  action  of  the  mu^les.  Thus,  in  sorrow 
the  muscle  which  draws  down  Uie  corner  of  the  mouth,  does 
not  have  the  tvperbu»  to  act  with  it,  as  in  the  case  of  the 
punon,  or  ndur  oomponnd  feeling,  repreaeated  in  Fig.  132. 
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So  also,  in  lotne  forms  of  grief  th«  cortugator  luptrvilii  acta 

quite  Btrongly,  as  seen  in  Fig.  127,  where  the  grief  is  repre- 
sented as  caused  bj  bodily  pain.  It  performa  a  different  office 
in  this  case  from  what  it  does  in  the  case  of  the  expremioD  ro- 
prescnted  bj  Fig.  132,  simply  through  the  accorapaDyin^actJoa 
of  other  muscles,  thus  illustrating  the  effect  of  combi nation  ID 
muscular  aclion  in  varying  the  character  of  the  expression.  I 
have  already  alluded  to  the  different  degrees  of  action  in  this 
muscle  in  different  forms  of  grief  in  §  330.  In  quiet  sorrow 
this  muscle  is  ttot  in  action,  but  there  is  a  general  languor  re- 
laxing the  mnaclea  of  the  bee,  while  the  cornen  of  the  month 
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■re  slightly  dopreaaed.  It  ia  a  state  of  the  musclea  directly  oj>- 
poeite  to  that  which  cxiata  wkea  there  ia  a  calm  quiet  pleasure. 
Then  most  of  the  muscles  ate  in  a  state  of  geatie  action,  and 
the  corners  of  the  tnouth  are  a  little  raised,  giving  the  radiance 
of  a  light  smile  to  the  whole  countenance.  The  frontal 
[Duscle,  slightly  raising  the  eyebrows,  adds  to  the  effect. 

340.  The  attitude,  for  so  we  tnay  call  it,  of  the  counteoaiica 
in  odmiratioD,  is  quite  nearly  allied  to  that  which  I  have  just 
described.  The  brow  is  expanded  by  the  action  of  the  frontal 
muscle,  and  there  is  a  slight  smile  produced  by  the  raising  of 
the  corners  of  the  mouth.  But  the  expression  differs  iu  some 
respects  from  that  of  mere  pleasure.  The  frontal  muscle  acta 
rather  more  strongly  in  the  former  than  in  the  latter,  the  eye 
is  more  wide  open,  and  is  fixed  upon  the  object  of  the  admira- 
tion, and  the  mouth  is  apt  to  be  open,  the  Jaw  falling  a  little, 
so  that  we  con  see  the  edge  of  the  lower  teeth  and  the  tip  of  the 
tongue.  In  both  pleasure  aud  admiration  the  expression  varies 
much  in  different  individuals,  according  to  their  temperaments, 
being  cliaracteriied  by  activity  in  some,  and  in  others  more  by 
relaxation  or  even  languor. 

341.  Let  me  now  (mlhyour  attention  to  an  expression  of  the 
countenance,  in  which  many  of  the  muscles  are  in  a  state  of 
strong  action.  I  refer  to  the  expression  of  rage  represented  in 
Fig.  133.  Tlio  combination  of  muscular  action  here  is  quite 
extensive.  The  eorrugaUtr  tupereilU  acta  forcibly,  but  un- 
steadily, OS  ia  the  case  with  the  aclJun  of  all  the  muscles  in  the 
expression  of  this  paiution.  The  frontal  muscle  acts  at  the  same 
time,  raising  the  eyebrows.  The  eyes  are  opened  widely, 
showing  the  rolling  eyeballs.  The  muscle  that  raises  the  upper 
lip,  b.  Fig.  131,  and  the  muscle  tliat  raises  the  wing  of  the 
nose  and  the  lip,  are  in  strong  action.  The  nostrils  are  there- 
fore Hpread  out  to  the  utuiost,  and  the  nppcr  lip  is  drawn  up- 
ward. But  as  the  circular  muscle  of  uie  mouth  also  acts 
strongly,  there  is  only  that  part  of  the  upper  lip  to  which 
the  muscles,  a  and  b.  Fig.  131,  oro  attached,  that  can  be  drawn 
up.  This  point  is  just  where  the  sharp  eye-t«eth,  or  canine 
teeth,  as  they  are  sometimes  called,  are  situated.  They  are 
therefore  seen  laid  bare.  This  allies  man  to  the  snarling 
brute,  that  shows  his  sharp  teeth  in  his  rage.  Cooke,  the  tra- 
gedian, is  said  to  have  had  great  power  in  the  use  of  theas 
muscles.  "  In  him,"  says  Sir  Charles  Bell,  "the  ringentit  (t^ 
snarling  muscles)  prevailed ;  and  what  determined  hats  eoi 
ha  expi%«s,  when,  combined  with  the  obliqne  oast  of  hi*  ^ 
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be  drew  np  the  outer  part  nf  the  nppor  lip,  and  diacloscd  ■ 
Bhnrp  sne;ular  tooth  !"  In  rage  the  tcetli  arc  finnly  closwl  by 
the  tousclea  which  move  the  lowi'r  jatv,  iind  when  uttcrimce  is 
given  to  it  by  the  voii:o,  the^  mu<cles  but  slightly  relax  to  let 
the  nords  out  through  the  alniust  closed  tecUi,  and  are  rigid 
again  as  i>oon  as  the  words  are  finished. 

342.  The  expression  of  mere  bodily  fear,  rcprescnled  in  Fig. 
134,  is  very  different  from  that  of  rage,  although  some  of  tke 
muvclcB  act  in  the  same  nay  in  both.  Tlio  frotilal  mu»:le  acts 
very  forcibly,  raising  the  eyebrows  to  their  utmost  extent,  and 
the  eyebalta  are  Ini^ely  uncovered,  giving  to  the  eyes  a  broad 
Btare.  The  eorragator  ntjiercilii  is  periectly  relaxed,  while  in 
Tttm  h  is  strongly  contracted.  Tlie  lip  is  raised  and  the  nos- 
tm  are  spread  out  by  the  same  muscles,  a  and  b,  Pig.  131, 
vhicb  act  so  forcibly  in  rage.  But  the  circular  muscle  of  tha 
mouth,  i,  is  islaxed,  so  that  the  whole  lip  is  raised,  instead  of 
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a  part  of  it,  u  ib  the  case  when  rage  is  expressed.  The  lower 
jaw  is  fallen,  while  in  r^o  it  ia  in  tfie  opposite  condition.  Th« 
bur  is  raised  up  by  a  general  action  of  the  whole  frontal 
muscle,  1,2,  3,  in  Fig.  130. 

343.  The  muscles  of  the  eye,  that  is,  those  which  move  the 
ejeball  h»ve  some  agency  in  certain  expreasiuns  of  the  counte- 
nance. Thus,  in  admiration,  the  fixing  of  the  eye  upon  the  ad- 
mired object  makes  a  part  of  the  expression.  In  the  expression 
of  devotion  the  eye  turns  instinctively  upward.  There  are  cer- 
tain involuntary  motions  of  the  eyeball,  which  have  much  to 
do  with  exjireasioQ  in  certain  states  of  the  body,  ^nd  in  certain 
emotions.  These  motions  are  performed  hy  the  oblique  mus- 
cles (g  30T.)  When  the  straight  muscles  which  ordinarily  con- 
trol the  motions  of  the  eye  lose  their  power  from  a  stale  of 
general  inunsibiUty,  the  eye  is  given  over  to  the  action  of 
theae  obliqne  mavclM,  whi^  an  iuTotniitary,  and  thetribn  m 
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rolled  about  in  its  socket,  being  turned  upimrd  all  the  time,  ab 
that  the  whit«  of  tha  eyo  only  is  socn.  This  occurs  in  sleep,  in 
&intiiig,  in  the  stupor  of  disease,  and  in  the  approach  of  death. 
844.  The  lossofpoirer  in  the  voluntary  muKles  of  the  eyeball 
and  eyelid  is  often  seen  ludicrously  exhibited  in  the  intoxicated 
man.  He  squints  and  sees  double  from  deficiency  of  action  ill 
the  straight  muscles  of  the  eyeball.  The  oblique  involuntary 
muscles  of  course  roll  the  eye  in  proportioD  to  the  deHciency  of 
these  straight  muscles.  The  voluntary  muscle  too,  which  holds 
up  the  upper  lid,  fails  to  do  its  duty,  and  the  lid  is  constantly 
disposed  to  fall  over  the  eye.  The  frontal  muscle  is  therefora 
called  u[ion  to  aid  it.  Hence,  in  the  effort  of  the  drunkard  to 
keep  liis  eyes  open,  you  see  him  raise  up  tha  eyebrows,  th« 
eyelids  being  of  course  dragged  up  after  them  to  a  little  extent. 
"It  ia,"  says  Sir  Charles  Bell,  "the  struggle  of  the  drankard  to 
resist,  with  his  half-conscious  efforts,  the  rapid  turning-  up  of  the 
eye,  and  to  preserve  it  under  the  control  of  the  voluntary 
muscles,  that  makes  him  see  objects  distorted,  and  strive,  by 
arching  his  eyebrows,  to  keep  the  upper  liJ  from  descending. 
The  puzzled  aiipearaneo  which  this  gives  rise  to,  along  with  the 
relaxation  of  the  lower  part  of  the  face,  and  the  alight  paralyllo 
obliquity  of  the  mouth,  complete  the  degrading  expression." 

345.  I  have  thus  pointed  out  the  agency  of  the  several  mus- 
cles that  are  engaged  in  tlie  expression  of  tlio  countenance. 
Most  of  them  are  peculiar  to  mau,  being  found  in  no  other 
animal.  The  infiirior  animals  are  variously  endowed  in  regard 
to  muscles  of  expression.  Dut  even  those  that  have  tho  moat 
expression,  have  but  few  of  those  muscles  which  we  lind  in  the 
face  of  man  devoted  to  this  purpose.  Tliey  have  the  musclea 
that  move  the  eyes,  those  which  raise  the  up}>er  lij)  and  thua 
expose  the  teeth,  and  to  some  e.vtent  those  which  distend  the 
nostrils.  Tho  horse  is  especially  endowed  in  regard  t*j  this 
latter  motion.  In  tliat  glowing  and  beautiful  description  of  the 
horse  in  Job  it  is  said,  "the  glory  of  his  nostrils  is  terrible." 
But  most  animals,  even  of  tho  higher  orders,  have  hut  n  limited 
motion  of  the  nostrils  compared  with  man.  Tn  liim  they  have 
much  more  to  do  with  the  expression  of  the  countenance  than 
is  commonly  supposed.  Their  chief  agency  is  in  the  cxpresuon 
of  the  nobler  passions,  and  Sir  Charles  BiOl  remarks,  that  the 
great  tragedians,  Mm.  Siddons  and  Mr.  John  Keinble,  exhibited 
their  power  in  thia  respect  in  a  remarkable  manner. 

346.  None  of  the  inferior  animals  hare  the  corrupaforaHper- 
cilii.    Indeed  they  have  no  eyebrows  to  move.    The  eyetm>w 


THE  LAiraUAQI  OF  THX  HUSCLES. 


ia  a  Btrong  p€culiarit;r  of  tnan,  and  id  view  of  its  Kgenay  in  ths 
txpressiou  of  tbe  countenance,  varied  as  it  is  by  the  &ontaI  mut~ 
de  and  the  corru^tor,  it  has  been  awd  by  some  one,  that  it  is 
"  the  rainbow  of  peace,  or  the  bended  bow  of  discord."  So  also, 
the  miuclea  that  raise  and  depress  the  comers  of  the  mouth 
are  wholly  peculiar  to  man.  It  is  somedmee  s^d  that  the  dog 
iRiiles.  But  if  you  observe  him  closely,  you  will  see  that  as  ha 
separates  his  lips  or  opens  his  mouth,  at  the  same  time  that  ha 
wags  his  tail,  there  is  no  raising  of  the  comers  of  the  mouth, 
and  therefore  no  true  smiling,  llie  idea  that  he  smiles  has 
come  from  mere  associatioD  with  other  motions  by  which  he  indi- 
cates pleasure.  The  same  can  be  said  of  the  expresuon  of  sorrow 
in  the  d<^  and  other  animals.  There  is  little  of  it  in  the  bee 
itself,  amounting  to  nothing  more  than  a  mere  downcast  look, 
if  even  that;  and  we  connect  the  idea  of  sorrow  with  the  face, 
by  the  force  of  assodation,  from  hearing  the  cries  and  witness- 
ing the  movements  which  diatress  produces.  The  grand  peculi- 
arities of  human  expression  are  in  the  muscles  whose  actioD  I 
have  noUced  in  this  paragraph,  viz.,  the  muscle  that  wrinkles  the 
eyebrow,  the  muscle  llmt  raises  it,  and  those  muscles  whidi 
move  the  comers  of  the  mouth  up  and  down.  No  animal  but 
man  con  frown,  or  weep,  or  laugh,  for  it  has  not  the  muscles  by 
which  these  acts  ore  done. 

347.  Fear  and  rage  are  aliooet  the  only  passions  that  are 
oxpressed  in  the  fitces  of  animals.  And  in  soma  of  them  there 
are  special  provisions  in  muscular  endowment,  for  tbe  eipression 
of  tliese  mere  brutal  passions,  particularly  for  rage.  Thus,  in 
beasts  of  prey  the  ringeatts,  or  snarling  muscles  have  great 
pewer.  They  raise  the  lip  strongly,  and^display  the  sharp  long 
teetli  which  are  to  rend  their  prey  in  pieces.  The  eye  too  is 
made  terrible  by  certain  muscles  which  are  not  found  in  man. 
They  are  muscles  which  draw  the  eyelids  backward  upon  the 
prominent  eyeball,  thus  producing  a  fiied  staring  of  tne  eye, 
and  enpoaing  its  brilliant  white  coat,  which  by  reflecting  the 
"''■"'  '  "  ce.     These  muscles  Sir 

3  apparent  scintillating 
effect  which  they  produce.  In  tbe  cat  tribe  light  is  reflected 
from  the  bottom  of  the  eye,  when  the  pupil  is  dilated  so  as  to 
admit  the  light  over  a  large  portion  of  the  retina.  This  occurs 
in  an  obscure  light  simply  because  the  pupil  b  then  so  much 
dilated.  The  light  is  not  created  in  the  eye,  and  it  is  no  indi- 
cation of  passion,  as  has  been  supposed. 

348.  You  have  seen  the  fact  most  fiilly  illustrated  in  thii 
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chapter,  that  it  is  from  combiDationj  of  action  amoog  the  miu- 
olea,  that  the  varioiu  exprcsaioas  of  the  coantcDance  resulL 
To  produce  each  ooe  of  thege  comliitiatiooB,  there  must  be  ft 
consent  of  action  between  the  muscliM.  Some  are  relaxed,  while 
othen  are  contracted ;  and  thoae  which  are  contracted  are  ic 
different  degrees  of  contraction.  Sometimca  this  harraony  of 
action  is  sportivelj  dcatroyed  hy  one  who  has  great  command 
over  the  muscles  of  the  face,  and  the  most  incongruous  exprea- 
uons  result,  mingliid  together  in  the  same  countenance,  giving 
it  a  very  ludicrous  apjicarance.  And  I  may  remark,  that  the 
portrait  painter  is  not  always  true  to  nature,  but  sometimes  &ils 
to  depict  the  full  harmony  of  muscular  action  in  the  expression 
of  the  countenance.  I  have  noticed  some  of  tlie  corabinaliona 
of  muscular  action  in  expression  ;  but  the  view  which  you  thua 
get  of  them  gives  you  but  a.  fiunt  idea  of  the  infinite  variety 
of  expression  of  which  the  human  countenance  is  capable,  as  the 
result  of  these  combinations,  lu  order  to  obt^n  some  adequate 
idea  of  this  variety,  keeping  the  views  presented  in  this  chapter 
in  your  mind,  watch  some  one  engaged  in  speaking  or  in  conver- 
sation, in  whom  the  play  of  the  muscles  of  expression  is  pecuU- 
arly  free.  By  so  duiug  you  will  acquire  new  views  of  the  capit- 
biliUes  of  the  eounteiiance  in  com municu ting  thouglit  and  fL^iling, 
and  yoU'  will  learn  a  lesson  in  this  respect  which  the  deaf  mute 
from  necessity  leanis  every  day. 

849,  But  we  do  not  get  a  full  view  of  the  combination  ot 
muscular  action  in  expression,  if  wa  contine  our  observations  to 
the  countenance.  As  I  remarkid  in  the  first  part  of  this  chap- 
ter, the  muscliis  of  otlicr  parts  of  the  body,  and  sometimes  of 
the  whole  frame,  are  brought  into  action  in  connection  with  the 
muscles  of  the  face,  in  expressing  thought  and  feeling.  The 
altitudes  and  motions  of  other  parts  of  the  body  correspond 
with  the  attitudes  and  motions  of  the  countenance,  so  as  to 
[iroduco  ail  harmonious  efi'ect.  The  baud  is  more  used  than 
any  other  part  in  aid  of  tlie  countenance  in  expression  ;  but  the 
whole  body  is  ott«n  brought  more  or  less  into  action.  Tha 
character  of  a  passion  can  sometimes  be  inferred  from  the  atti- 
tude merely,  or  from  the  mo8e  of  walking,  as  you  see  one  at  a 


disteuce. 


"  Ton  may  •omctime*  trace, 
A  feeling  in  each  luotetep,  •■  dinloied. 
By  Salliut  in  tu*  Calaline,  wbo,  okircd 
By  ill  tbe  demoDi  uf  all  paaiooi,  ahowed 
loaiT  work  aven  1^  Ibe  way  in  wMeh  ha  trode." 
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SCO.  But  it  is  the  musolas  of  the  respiratory  organtt  which 
^mpathize  most  with  the  niusclea  of  the  fftc«  in  eTprcwion. 
^is  sympathy  is  the  result  of  ^  nervous  connection,  and  the 
neivfi  of  expression  in  the  faca  is  therefore,  as  before  ittat«d, 
sometimes  called  the  respiratory  nerve  of  the  face.  Obserre  the 
prominent  iigeiii!y  which  the  muscles  of  the  chest  have  in  the 
decided  expression  of  the  passions  and  feelings.  In  laughing; 
the  individual  draws  in  a  full  breath,  and  then  lets  it  out  in 
short  interrupted  jets,  the  mu»cles  of  the  throat,  neck  and  ohest, 
eBpecially  the  diaphragm,  being  convulsively  agitated.  And  if 
the  laughter  be  strong  and  continued,  he  holds  his  siden,  which 
become  really  sore,  from  the  violent  action  of  the  respiratory 
muscles  in  this  expression  of  bis  emotions.  In  weeping  too, 
these  syne  muscles  are  affected.  The  diaphragm  acts  spasmod- 
ically, the  breathing  is  cut  short  by  sobbing,  the  inspiration  is 
quick,  and  the  expiration  it  slow,  and  oflen  with  a  melancholy 
note,  liut  it  is  not  alone  in  these  marked  cases  that  the  respi- 
atory  muscles  are  seen  to  act,  but  you  can  observe  their  action 
in  many  of  the  slighter  expressions  of  feeling. 

351.  There  are  certain  effects  produced  by  emotions  upon 
the  circulation,  which  heighten  the  expression  resulting  from 
muscular  action.  I  have  already  referred  to  the  blush  of  mod- 
esty, and  the  paleness  of  fear.  In  both  laug'htur  and  weeping 
the  spasmodic  action  of  the  muscles  of  respiration  impedes  the 
flow  of  blood  through  the  lungs ;  and  hence  the  countenanoe 
becomes  flushed  or  suffused  with  the  blood  of  the  impeded  dr- 
culation.  This  is  very  different  from  common  blushing,  which 
has  nothing  to  do  with  the  state  of  the  general  circnlation,  but 
is  entirely  a  local  effect,  confined  to  the  capillaries  of  the  part, 
where  it  occurs.  These  capillaries  are  affected  by  the  emotion 
through  nervous  connectious,  just  as  the  minute  secreting  vessels 
in  the  tear  glands  are  excited  to  unusual  action. 

352.  From  the  views  which  I  have  presented  of  the  capalnl- 
ities  of  the  human  countenance  in  expression,  you  must  be  as 
much  struck  with  its  adaptation  to  the  mind  ^at  moves  it,  as 
you  were  with  the  hand  in  this  respect  Both  are  instruments 
of  the  mind,  by  which  it  accomplishes  its  purposes;  and  they 
would  be  out  of  place  in  any  other  animal,  even  one  of  a  higher 
order,  because  he  hns  not  a  mind  capable  of  using  such  instru- 
ments to  advantage,  Man  needs  the  face,  with  all  its  endow- 
ments, to  express  his  thoughts  and  feelings,  and  the  hand  Ui  do 
the  handiwork  which  his  mind  designs  ^  and  the  Cre«tor  hw 
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proportioned  the  capabilities  of  thcso  iiutnimeDU  to  tlto  necon- 
taee  and  the  mental  powcn  of  man. 

353.  As  the  musclcit  of  the  £tce  perform  such  high  function*, 
as  the  instruments  of  the  mind  in  expression,  it  is  important 
that  they  sliould  be  well  trained  in  these  functions.  Much  ii 
often  said  about  the  importance  of  grace  in  the  attitudes  and 
movements  of  the  body,  while  seldom  is  a  thought  given  to  the 
attitiidi.'s  and  movements  of  tlie  countenance.  MuMles  are  at 
work  in  the  one  case  as  well  as  in  the  other,  and  the  muscles 
of  the  face  can  he  trained  to  work  skillfully  and  gracefully  as 
well  ns  the  muscles  of  any  other  part  of  the  body.  Indeed, 
crace.of  action  is  much  more  important  in  the  face  than  in  the 
body  generally,  becaU!<e  the  muscles  there  are  used  so  much 
more  lor  expression  tlino  in  any  other  part.  And  ^et  the 
speaker,  who  aims  to  gesture  gracefully  with  his  arms,  is  often 
very  careless  in  regard  to  the  gestures,  for  so  we  may  call  them, 
which  are  made  by  his  face.  So  too  the  parent,  who  takes 
nnwearied  pains  to  make  the  gait  and  attitudes  of  lier  child  grace- 
ful, otlen  allows  most  uncouth  altitudes  of  countenance  to  grow 
into  a  habiL  Many  a  cliilil  that  has  been  drilled  most  faithfully, 
in  order  Ij;  overcome  awkwarduoss  of  mov<'ment,  is  sulTered  to* 
become  incurably  awkward  in  the  fac",  as  some  one  has  aptly 
expressed  il.  Sometimes  even  a  linbit  of  making  grimaces  is 
unconsciously  contracted,  which  utterly  prevents  the  countenance 
from  accompanying  the  words  that  are  uttered  with  any  thing 
like  appropriat«  expression. 

354,  Ueauty  dojiends  much  upon  the  attitudes  and  move- 
ments of  the  tace.  and  not  alone  u]ion  the  shape  of  tlie  fe.itures. 
We  often  see  a  &rc  which  is  beautit^il  in  rei>0Hi>,  that  becomes 
ugly  the  moment  that  it  is  in  action,  because  the  movem>-nta  of 
the  muscles  are  so  ungainly.  And,  on  the  other  hand,  we  often 
see  faces  which  are  iiuitc  at  fault  in  the  shape  of  the  features, 
dis]ilay  great  beauty  when  in  action,  from  the  movements  which 
]>i:iy  so  easily  and  gracefully  among  the  muscles.  It  is  a  great 
triumph  of  the  spiritual  over  the  physical,  when  the  mind  within 
thus  puts  its  impress  of  lieauty  ugion  a  material  form  which  is 
des^lute  of  symmetry.  When  it  does  this,  there  is  more  to 
challenge  our  admiration,  than  when  the  sculjitor  chisels  the 
marble  into  beauty.  And  if  he  were  to  undertake,  in  imitation 
of  what  we  often  see  in  living  nature,  to  put  beauty  into  ill- 
shapen  features,  he  would  sign.illy  fail.  This  can  l>e  done  only 
by  the  active  tmnd  within,  moving  plastic  features  by  tlie  subtle 
agency  of  nervei  and  muscles.    In  relation  to  the  inadequacy 
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of  m«re  symmetry  of  Torm  to  meet  our  iduaa  of  beauty  ia  the 
livioi;  couDteDimcc,  Addison  has  justly  said,  "No  woman  can 
be  handsome  by  the  force  of  features  alone,  any  more  thao  she 
can  be  witty  only  by  the  help  of  speech." 

355.  There  is  nearly  as  much  difference  in  skill  in  the  use  of 
iJio  muscles  of  the  face,  as  in  the  use  of  those  of  the  hand.  And 
we  need  not  go  to  the  accomplished  orator  or  actor,  as  furnish- 
ing us  aloDe  with  the  higher  examplcb  of  this  tkill.     It  is  oAen 

.  seen  exhibited  in  the  ordinary  iutercouise  of  life,  in  those  who 
have' great  capacity  of  expression,  U>g<:ther  with  a  mind  uncom- 
monly refined  and  susceptible.  lu  them  every  abade  of  thought 
and  feeling  is  clearly  and  beautifully  traced  in  the  countenance. 
While  this  is  the  result  of  education  of  the  muscles  of  expres- 
sion, an  education  of  wh)fh  the  individual  is  tor  the  most  part 
unconsdous,  no  direct  attempt  in  the  training  of  these  musclea 
will  succeed,  unless  the  mind  itself  be  of  the  right  character. 
Intelligence  and  kindness  cannot  be  made  to  beam  from  the 
countenance,  if  they  do  not  exist  in  the  moving  spirit  within. 
They  are  often  awkwardly  counterfeited,  the  one  by  the  bustling 
ur  assumed  by  the  face  of  the  shallow  pretender,  and  the  other 
by  the  smirk  of  him  who  smiles  only  to  get  favor  or  profit  from 
others.  The  counterfeit  is  often  mistaken  for  the  reality ;  and 
in  relation  lo  the  truly  iotelligent  and  kind,  there  is  oftaa  much 
error  in  the  estimate  put  upon  their  intelligence  and  kindness, 
from  the  different  degrees  in  which  these  qualities,  when  exist- 
ing in  the  same  amounts,  are  exhibited  in  the  expreitsion  of  the 
counteoance.  In  some,  the  musclus  of  expression  respond  mora 
readily  and  sptiy  to  the  thought  and  fueling  witliin,  thau  they 
do  in  others. 

356.  I  know  not  of  any  more  beautiful  and  strikin<;  exempli- 
fication of  the  influence  of  the  mind  and  heart  upon  the  expres- 
sion of  the  countenance,  than  is  to  be  seen  in  those  institutions 
where  juvenile  outcasts  from  society  are  redei:med  from  their 
d^rradution  by  the  hand  of  benevolence.  You  can  oflen  note 
moat  clearly  the  progress  of  the  mental  and  moral  cultivation 
in  the  lineaments  of  the  face,  as  lively  intelligence  takes  the 
place  of  stolid  indifference,  and  refined  sentiment  that  of  brutal 
passion.  Sometimes  a  few  weeks  t  illiee  to  change  the  whole 
cliaracter  of  the  expression.  The  t  ill  eye  becomes  bright,  not 
from  any  change  in  the  eye  itself,  but  trom  the  intelligence  and 
sentiment  which  now  play  upon  the  muscles  in  its  neighborhood. 
Those  musclee  which  impart  a  lively  and  pleasant  cast  to  the 
counteuance  when  they  are  in  actton,  are  awakened  from  tiieij 
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ItHig  contiouod  dormuiit  stal«  l>y  the  ma^c  wand  of  beneTotenoc^ 
and  thus  give  outward  expression  to  the  thoughts  and  fecltog^ 
which  linenial  influeuccs  nru  [iroducing  in  die  mind  and  tlie  heart 
The  change  m  often  an  great  in  a  littia  time,  tu  it  would  be  in 
the  &ce  of  an  idiot,  if  lie  could  bo  suddenl/  brought  into  Ilia 
.  full  possession  of  the  mental  faculties. 

367.  The  habitual  oxpivssion  of  the  countenance,  depending 
m  it  duos  upon  the  liabitual  condition  of  the  muscli's,  is  seen 
after  death.  In  the  etnte  uf  rclsxation  which  immedialttly 
occurs  at  denlh  the  face  is  very  inexpressive)  becanso  ils  imiscles 
are,  together  with  those  of  tlie  whole  body,  so  entirely  relaxed. 
But  very  soon  they  be^^in  to  contract,  and  they  assume  that 
d^rree  of  contriicliou  to  whicit  they  were  habituated  during 
life,  and  therefore  give  to  the  counteynce  it«  habitual  expres- 
sion. It  is  when  tliLi  has  taken  place — when  the  muscles,  recov- 
ering' from  the  relaxation  of  the  deatU-lkour,  resume  their  accus- 
tomed attitude,  as  we  may  express  it,  that  tlie  countenance  of 
our  friends  appears  so  natural  to  us,  anO  we  are  held,  as  if  by  a 
choru),  gazing  upon  the  intelligence  and  iiffcction  beaming  tliere 
amid  the  awful  stillness  of  death,  till  it  seems  as  if  those  lips 
must  have  language.  And  this  expression  is  retained  through 
all  the  period  of  rigidity,  till  it  is  dissolved  by  the  relaxation 
which  succeeds  this  slate  and  ushers  in  the  process  of  decay. 
It  is  thus  that  tlie  soul,  as  it  takes  its  flight,  leaves  its  impress 
upon  the  noblest  part  of  its  tabumactc  of  flesh ;  and  it  is  not 
enaccd  till  the  last  vestige  of  life  is  gone,  and  the  laws  of  dead 
nutter  take  possession  of  the  body,  'i'he  state  of  couxitenanca 
which  I  have  described  is  thus  beautifully  alluded  to  by  Byron. 

lie  who  hiilh  bi'iit  lilni  o'er  llio  di'sd, 

Ere  Ibt  firel  day  of  denlh  has  Acd, 

The  first  dnrk  dny  uf  nnthingnoiB, 

Ttie  ]gRt  nf  dan^r  ntid  distrcn, 

(Bcfuro  decay's '■ffepinR  firpiri 

HsTC  BWL'iit  ilio  lines  wIhtc  bvsuly  tiD^ra), 

Jind  mack'd  tho  mild  ui^llo  air, 

llie  mptnre  !•(  rcnwe  tlut'ii  Iherp, 

The  fii'd  yet  tendiT  li'sila  ihnl  Wreak 

The  InDj^iuir  of  Ihe  placid  check, 

And — bat  fiir  IbaC  nd,  shrouded  eye, 

ThU  (irea  not,  wins  not,  weeps  not,  now, 

And  bat  for  tliat  chill,  chan^less  brow, 

Where  eold  obst  ruction '■  apathy 

Appall  the  gayiug  monrntr'B  heart, 

Ab  if  to  biin  it  oouid  impart 
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ili,  aye,  one  treaotieToui  hour, 
Be  ittD  might  doaht  Ae  grant's  pover ; 
So  fair,  ao  calm,  •>  aofUy  MnJed, 
He  fint,  lait  look  by  death  reToOed  1 


CHAPTER  XIV. 

THB  TOICK 

368.  Trb  apparatuB  of  the  voice  ia  truly  a  musical  instni- 
menu  We  can  see  therefore,  in  its  construction  and  arrangft- 
ment,  the  application  of  those  principles,  which  usually  regulate 
the  production  of  musical  sounds,  and  which  man  observes  in 
making  the  various  instruments  which  his  ingenuity  has  invented 
to  delight  the  ear.  It  is,  however,  a  much  more  perfect  instm- 
ment  than  any  which  man  has  invcDt«d.  Almost  every  musical 
iDstniment,  it  is  true,  has  a  greater  compass  than  that  of  the 
human  voice ;  but  it  is  by  no  means  the  chief  excellence  of  an 
instrument  that  it  can  command  a  great  extent  of  the  scale. 
The  apparatus  of  the  voice  can  execute  enough  of  the  scale  for 
all  common  purposes.  It  is  wonderful  that  its  compass  is  so 
great  as  it  is,  for  it  is  a  very  small  instrument,  occupying  a  space 
of  less  than  an  inch  square  where  the  vibrating  ligaments  are 
situated.  In  every  respect  besides  compass  this  instrument  far 
excels  all  others.  .Listen  to  a  good  voice  which  has  been 
well  educnted.  Its  transitions  have  an  case  and  a  grace  which 
the  workmanship  of  man  can  not  equal ;  the  richness  and  sweet- 
Dcss'of  its  tones  are  above  all  imitation  with  the  most  perfect 
instruments ;  and  utterance  is  given  to  its  various  notes  with  so 
little  apparent  e£irt,  with  so  tittle  show  of  machinery,  in  com- 
parison with  the  instruments  made  by  man,  that  ve  are  tilled 
with  wonder  at  the  effects  produced  by  so  simple,  delicate,  and 
beautiful  a  piece  of  mechanism.  But  the  most  important  cir- 
cumstance to  be  noticed  is,  that  there  are  parts  connected  with 
thb  apparatus,  which  give  artteulaCion  to  the  voice  as  it 
oomos  from  the  vocal  chords,  thus  making  it  the  principal  roo- 
diami  of  oommnnicatdoa  between  man  and  man.  This  dtstiit- 
gniiliM  it  from  vrerj  other  musical  instrument,  ftnd  conslitatet 
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its  crowning  cxo«]I(;dcc.  When  I  come  to  apeak  particularhr 
of  th«  urticulalion  of  the  voice,  you  will  *«  how  really  compli- 
caU'd  in  the  npparcntly  aimplo  mechnnism  thnt  produces  th« 
vflricd  nrticulutions,  and  thua  makes  the  voice  the  chief  medium 
of  mental  commuDieatioEi.  And  if  you  try  to  tneasure,  with 
the  utmost  stretch  of  conception,  the  endless  variety  of  thought 
and  feeling,  which  this  apparatus  conveys  dailj-,  hourly,  evenr 
moment  from  heart  lo  hoart  iu  the  intercourse  of  life,  yon  will 
be  able  to  &iliui!itt'  in  some  good  degree  the  vnliie  of  those  or- 
gans, which,  though  we  seldom  spend  a  thought  upon  them,  are 
BO  cunstaiitly  ministering  to  our  enjoyment 

359.  Such  being  the  high  uses  for  which  the  voice  is  designed, 
when  it  tiossesses  a  rich  and  flowing  melody,  and  its  articulation 
is  graceful  and  easy,  iu  powers  uf  fiiscination  are  wonderful. 
Such  a  voice  is  a  fit  medium  of  communication  for  "  thoughts 
tliat  breiitlie  aiid  words  that  burn."  This  is  more  often  true  of 
the  voice  of  conversation  tlian  that  of  song.  It  is  in  the  hourly 
intercourse  of  life  thiit  melody  of  voice  is  most  valuable  to  ua  aa 
a  source  uf  enjoyment,  and  here  itx  inflaence  is  ofli-n  astonishing. 
It  will  sometimes  give  a  charm,  not  to  say  beauty,  to  an  ordinary 
(ace ;  while  on  the  other  hand,  the  fascination  of  beauty  is  often 
destroyed  by  the  utl4.'rance  of  a  voice  hanih  and  without  melody. 
And  it  may  be  remarked  that  a  rich  and  finely  modulated  voica 
of  conversation,  and  a  melodious  voice  of  swng,  do  not  always 
go  together.  The  voice  which  has  delighted  the  ear  of  multi- 
tudes at  the  public  concert,  may  bo  divested  of  all  its  charms, 
when  used  in  conversation  ;  and  on  the  other  band,  there  are 
many  who  sing  unsk  ill  fully,  and  yet  in  conversation  give  utter- 
ance to  genuine  and  varied  nu'lody. 

n60.  There  is  music  not  only  in  the  human  voice,  bgt  in  th« 
voices  also  of  the  brute  creation.  An<l  the  varied  forms  of  th« 
apiMiratna  by  which  it  is  produced  show  the  imjiress  of  the  same 
power.  U'liut  varii-ty  there  is  in  the  sounds  which  come  from 
the  multitudes  of  ditferent  animals  on  our  glo1)c,  and  how  diverai- 
lied  is  the  handiwork  exhibited  in  their  vocal  organs !  The  pow- 
er from  which  spriiigs  this  endless  v:iriety  is  llie  same  as  that 
which  gives  sucli  diveniilyto  the  human  eounienance,  and  I 
know  not  which  is  the  most  wonderful  display  of  it.  And  it 
may  be  remarked,  thnt  although  the  voices  of  some  animals  are 
harsh  and  discordant,  those  which  we  most  frequently  hear  are 
melodious.  Even  some  of  those  which  are  unpleasant  to  tho 
ear,  become  in  some  degree  pleasant  when  occasionally  heard 
at  the  right  time  and  in  the  right  place,  from  the  addition  which 
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they  make  to  tba  variety  of  sounds  tbat  we  bear,  and  from  the 
sasociatioiis  which  become  connected  with  them.  A  goose  on  a 
eommoD,  saye  Gowper,  is  no  bad  peribrmer. 

With  these  preliminary  remarks  I  proceed  to  the  investiga- 
tion of  the  subject  I  shall  speak*  first  of  the  voice  as  it  is  pro- 
duced in  the  .laryni  by  the  vibratJon  of  the  vocal  chords  or 
Ugaments,  and  then  treat  of  the  articulation  of  the  voice. 

361.  As  the  ajiparatus  of  the  voice  is  really  a  wind  instru- 
inent,  I  will  first  developo  the  prindples  on  which  wind  instru- 
ments produce  the  vanous  musical  notes,  and 


then  show 


there 


mblance  between  these 


instruments  'and  the  set  of  organs  which  t 
engaged  in  producing  the  notes  of  the  voice. 
Wind  instrumcnta  are  of  two  kinds — those 
that  have  an  inflexible  ntouthpicce,  and  those 
in  which  the  sounds  are  produced  by  a  vibrate 
ing  reed.  The  horn,  trombone,  trumpet,  flul*, 
fife,  flageolet,  flute-stop  and  other  stops  of  the 
oi^an,  lie.,  are  instruments  of  the  first  kind. 
Tile  cause  of  the  variation  of  notes  produced 
in  tliese  instruments  may  be  tlius  explained. 
The  colunm  of  air  contained  in  the  tube  is  the 
vibrating  body  from  which  proceeds  the  sound. 
Any  thing  then  that  affects  the  column  of  air 
affects  the  note.  The  length,  the  breadth, 
and  the  mode  of  producing  the  vibrations  are 
the  causes  of  tlio  variation  of  the  note.  The 
holes  which  arc  in  the  side  of  a  flute  are  for 
the  purpose  of  altering  the  length  of  the  con- 
fined column  of  air.  In  the  trombone  this  is 
done  by  sliding  one  .part  of  the  instrument 
upon  the  other.  The  general  rule  is,  the 
longer  is  the  column  of  air  the  more  grave  is 
the  note.  Thus  in  the  flute,  the  lowest  note 
that  can  be  produced  by  the  instrument  is 
made  by  .covering  all  the  holes,  so  that  you 
have  a  column  of  confined  air  the  whole  length 
of  the  tube.  The  highest  note,  on  the  other 
hand,  which  the '  instrument  is  capable  of  pro- 
ducing is  made  by  so  arranging  the  fingers  hs 
to  allow  the  air  to  escape  at  the  first  hole. 
In  this  case  the  length  of  the  confined  vibra- 
ting column  of  air  extenda  only  from  the  tnouth 
2]» 
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hole  to  the  hole  from  irhicb  the  ut  escapes.  1 1 
illustration  from  tlic  orgnti.  Fig.  135  is  a  repreaentatioD  of  on* 
of  tbu  pipes  of  tbti  tlate-Htop  of  ths  organ,  whicli  ia  a  woodan 
boi:,  made  very  much  after  the  mnnner  of  a  boj'a  cheanut 
wliistlti.  At  a  is  tLe  passage*  for  the  introduction  of  the  air ;  b 
is  t)ia  inclosed  column  of  air,  the  vibration  of  which  prodocea 
the  sound ;  c  is  tliu  place  of  escape  fur  the  air ;  and  i  ■  a  mov- 
ablu  plUfT,  \>y  monns  of  which  the  vihraUiig  column  of  air  can 
bo  inadd  longer  or  shorter,  according  to  tlte  note  desired.  In 
tuning  the  otffan,  if  the  pij>e  pves  too  low  a  note  the  plug  h 
luovL-d  downward,  thus  sliorl«ning  the  column  of  incloaed  air, 
but  if  too  high  a  note,  the  plug  is  raised  up. 

.1^2.  I1iij  sain.'  rule  ajiptiuB  to  the  leidth  of  the  ribratiDK 
column  of  air.  Tho  wider  ibc  column  the  graver  the  note,  ana 
vicu  vers.1.  I  would  observe,  that  in  ii  long,  slender  column  of 
air,  as  in  tJie  trotitljoiie,  by  giving  the  current  of  air  from  the 
month  a  great  velocity  a  high  note  may  be  produced ;  but 
where,  as  iu  tho  opiiidcide,  the  column  is  both  wide  and  long, 
it  is  difficult  to  do  thiis  because  it  is  difficult  to  produce  a  quick 
vibration  in  so  large  >i  body  of  nir,  with  all  Che  suddenness  and 
furci'  witli  which  we  can  move  it. 

3ti3.  In  those  inslruinentH  which  have  no  expedient  for  alter- 
ing tlic  length  of  tlie  column  of  air,  such  aa  the  common  horn, 
the  various  notes  arc  ]>roduced  by  narroning  or  widening  the 
orifice  by  the  agency  of  the  li|«,  as  the  case  rwiuires,  at  the 
same  time  givinj;,  by  the  varied  velocity  with  which  the  air  is 
forci'd  iiLto  the  instrument,  a  ([Utcker  or  slower  vibration  to  tho 
air.  Gruvo  Rounds  are  produced  by  a  wide,  and  acute  by  a 
narrow  opening.  In  playing  the  fiule  the  o^ieuing  of  the  Spa 
is  thus  varied  in  order  to  produce  a  vibration  which  shall  cor- 
rcsiiond  with  the  length  of  tho  column  of  lur.  If  the  Ante 
player,  with  his  (iiigcrs  arranged  for  a  high  note,  should  blow 
into  the  mouth  hole  witli  his  lipt  forming  a  lai^  orifice,  he 
would  not  produce  tho  desired  note.  To  produce  the  proper 
vibration  in  a  short  column  of  air,  the  orifice  from  which  the  air 
issues  to  move  this  column  must  bo  small  enough  to  corres- 
pond, and  with  it  there  must  be  the  requisite  velocity  in  the  air 
as  it  comes  from  the  moutli.  You  have  a  good  illustration  of 
the  influence  of  size  of  orifice  on  tho  note  of  sound  in  common 
whistling.  The  higher  the  note  produced  the  more  narrow  is 
the  outlet  from  the  mouth.  The  size  of  it  is  regulated  by  both 
the  lips  and  tike  tongue. 

364.  In  Ttid  inatnunenta  the  variations  in  note  are  |aoduoed 
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k  a  different  manner.  The  clarionet,  hautboy,  bassoon,  tb« 
reed  stops  in  tbe  oi^an,  &c.,  are  inAtruments  of  this  sort  It  is 
the  vibration  of  tho  tbin  plate  called  the  reed  that  causes  th« 
Boaiid.  The  longer  this  plate  is,  tho  slower  are  tho  vibrations, 
and  tbcrefore  the  graver  is  the  note,  and  vice  versa.  Tho  prin- 
dple  can  be  well  illustrated  in  the  reed  stops  of  the  organ.  The 
reeds  in  the  different  pipes  are  made  of  different  lengths,  accord- 
ing to  the  notes  wliicb  they  are  to  produce.  In  a  reed  iustm- 
ment  played  by  tbe  mouth,  as  the  clarionet  for  example,  the 
rapidity  of  the  vibrations  is  regulat«d  by  the  pressure  of  tbe  lip*. 
In  producing  a  high  nolo  tho  lips  press  6rmly  on  the  roed  and 
leave  but  a  small  ]H}rtion  of  it  tp  vibrat« ;  while  in  produdng  a 
low  note  the  lips  press  lees  firmly  on  the  reed,  and  leave  a  large 
portion  of  it  to  vibrate. 

305.  You  see  that  the  sarao  principles  apply  to  the  reed  at 
to  the  column  of  air  in  the  other  kind  of  wind  instruments.  In 
both  cases  tho  longer  and  thicker  the  vibrating  body  the  coarser 
is  tho  vibration,  and  the  graver  the  note.  This  same  principle 
also  applies  to  stringed  instruments.  Thus  in  the  ptano,  the 
grave  notes  come  from  long  and  large  strings,  while  the  higher 
notes  come  from  slender  and  short  ones.  In  the  violin  tbe 
strings  are  all  of  the  same  length,  the  larger  string  giving  the 
graver  notes,  and  the  smaller  the  higher  ones.  The  notes  are 
varied  also  in  the  case  of  each  string,  by  varying  the  tensi<Hi. 
They  are  varied  too  while  playing  on  the  instrument  by  varying 
tlie  length  of  the  vibrating  strings  by  the  prcssure'of  tho  fingers. 

306,  Tho  reed  is  always  connected  with  a  tube.  Has  tbis 
any  influence  upon  the  note  produced  by  the  reed  ?  It  contains 
a  column  of  lur  through  which  the  sound  caused  by  the  vibra- 
tion of  the  reed  must  pass.  Unless,  then,  the  vibration  of  this 
column  of  air  corresponds  with  the  vibration  ofthe  reed,  it  will 
alter  the  note.  It  does  alter  tho  note  to  some  extent  always. 
It  never  raises  it,  but  always  makus  it  more  grave.  That  is, 
the  vibration,  in  passing  from  tbe  reed  to  the  column  of  air, 
becomes  less  rapid  and  coarser,  as  is  always  the  case  when  vi- 
bration passes  from  any  substance  to  another.  But  the  tube  is 
so  arranged  that  there  may  be  as  little  change  in  this  respect 
as  possible,  and  yet  have  the  combined  effect  of  a  reed  and  vrind 
instrument  secured.  Holes  are  therefore  properly  placed  in  the 
side  of  the  tube,  so  that  with  the  fingers  the  column  of  confined 
air  may,  in  the  case  of  every  no(«,  be  placed  in  correepondenoa 
vrith  the  vibration  of  the  reed.  Suppose, the  tube  to  be  long 
and  withouL  holes ;  in  this  osm  low  notee  oould  be  easily  pro- 
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duced,  but  attcinpt  a  )ii<rh  note  nnd  you  icould  fail.  The  reason 
ia  obvious.  The  low  iioto  is  Riimod  b)'  a  low  nnd  conne  vibrm- 
tion  of  tbe  rei-il,  for  iho  tmiiMiii*smn  of  wbich  a  long  oolumn 
of  lur  in  fitted.  But  if  n  hi^li  nnti?  I>c  attempted,  the  Mow 
vjbrntion  of  the  long  column  of  nir  i/(»i,'7m'4  with  the  qniok 
vibration  of  the  rem!,  nnd  flattens  very  lunch  tbr  sonnd  nfler  it 
comes  from  th<'  reed,  as  it  paswes  tiiroiifth  the  tube.  As  I  hav* 
already  hinted,  the  obii^  of  tlie  tube  is  to  secure  in  the  iiiKtrn- 
mcnt  the  combined  effect  of  a  reed  and  a  wind  instrument. 
The  tube  makes  the  ri?ed  speak,  as  it  is  expressed ;  tliat  is,  it 
gives  intensity  and  an  anjeeiihle  chnracter  to  the  sonnd.  If 
you  disconneet  the  roed  of  thi'  Jiiiutlwy  or  bii«soon.  for  pxnmplo, 
from  its  tube,  and  blow  upon  it,  you  am  produce  all  the  ranety 
of  notes,  but  the  sound  is  disiiin^eahle ;  but  by  connecting  the 
tube  with  the  reed  yon  produce  n  fompoHwl  sound,  as  we  may 
call  it,  which  hns  a  Rwcet  and  rich  melcHlv. 

We  will  now  examine  the  np|>aratus  of  the  voice,  nnd  see  how 
fftr  the  principles  which  I  have  developed  in  n-lition  to  common 
rannical  in»truments  are  applicaWe  to  this  instninient. 

307.  Just  at  the  root  of  tho  tongue,  as  d-j'wrilMvJ  in  the  Chap- 
ter on  the  Itones,  §  282,  is  a  small  l>one.  shaped  so  much  liko 
the  Greek  h'tter  /•  that  it  is  calii'd  the  iwiJ  or  U-likc  bone. 
The  round  end  of  this  bone  is  towarrls  lln'  root  of  the  tonjjne, 
and  its  two  ends  point  backward  towjirtl  the  pharynx.  To 
tliis  I>onc  is  connected  a  lontr  carfiljiiriiious  tiilie  extending  to 
tho  lungs,  called  the  trnihe.-i,  or  windpipe.  It  is  tbrouf;h  this 
tube,  as  you  have  already  learned,  thai  the  air  goes  back  nnd 
forth  from  the  lungs  in  Ti«|iiratioii  and  »pi-"ch.  It  is  not  one 
solid  tube,  bnt  is  composed  of  a  prent  nnnilier  of  rings  of  carti- 
lapi  connected  together  by  memltranoiis  jiarts.  Tlie  rinjp  are 
not  perfect  circles.  They  are  d<;ficipnt  IwhiTid,  nnd  this  deficien<n- 
is  supplied  by  a  membrane.  Tlie  object  of  this  urranirement  is 
evident  Tho  jmrt  of  the  tube  where  the  rings  are  deficient  is 
Jirectly  in  front  in  its  whole  lenclh  of  the  tpsophagus  or  gullet, 
the  tube  thronith  which  the  food  passes.  If  the  rings  bad  been 
made  entire,  it  is  manili^st  that  their  pressure  wonld  interfere 
somewhat  with  swallowing.  Bnt  it  is  the  upper  part  of  the 
windpipe,  tliat  part  which  is  immediati>Iv  bilow  tbe  U-like  bone, 
«hich  claims  our  attention  as  the  swit'of  the  fonnntion  of  the- 
voice.  This  part  is  called  tlie  hrtii/x.  It  is  Pirnuvl  of  five  car- 
tilages, the  amingement  of  whivh  I  irill  imw  show  yon.  The 
largest  of  these  eartilngee,  the  one  wliiili  forms  the  most  of  the 
body  of  this  muue-box,  as  we  may  call  it,  is  the  Ihyrmd.     It  is 
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tHe  pomum  Adami,  or  Adam's  apple,  which  is  so  ea.<iily*felt  in 
the  top  of  the  Dcch.  This  cartilnge  forma  the  front  and  sides 
of  the  larTnx,  but  it  is  open  behind.  The  cricoid  cartilage  is 
shaped  very  much  like  a  Beal  ring,  and  this  resemblance  givea 
it  its  DAme.  The  narrow  part  of  it  is  situated  directly  under 
the  thyroid  cartilnge,  in  ila  front  and  at  its  aides,  but  the  broad, 
seal-like  part  of  it  is  behind,  projecting  upnard  and  filling  up  a 
part  of  the  open  space  left  by  the  deticiency  of  the  thyroid  in 
in  its  rear,  A  side  view  of  tJiese  parte 
is  given  in  Y>g.  136,  in  nhicli  1  is  the  pm,  ise. 

the  U-Iike  bone ;  4  is  the  thyroid  car- 
til^;  and  6  the  cricoid.  At  8  is 
the  back  part  of  the  cricoid,  fiHinir  up 
a  part  of  the  space  in  Uiq  open  rear 
of  the  thyroid ;  3  is  a  bom  shaped 
projection  of  the  thyroid,  and  S  is  n 
smaller  one  below,  projecting  orar  on 
to  the  outside  of  the  cricoid  ;  2.  is  a 
strong  membrane  or  ligament  connect- 
ing the  hyoiJ  or  U-like  bone  with 
the  top  of  the  thyroid  ;  9  is  the  epi- 
glottis, drawD  up  by  a  hook  ;  and  at 
7  are  the  rings  of  the  trachea.  The 
e]iiglottia  is  composed  in  part  of  car- 
tilage. It  is,  as  I  have  alrfady  told 
you,  in  the  Chapter  on  Digestion,  §  78, 
the  lid  of  the  music  box,  the  larynx, 
shutting  down  when  we  swallow,  so 
that  the  food  or  drink  may  pass  over 
it,  and  being  raised  np  when  we 
breathe  or  speak. 

3C8.  There  are  two  small  cartilt^ea  which  are  not  ieen  in 
this  figure,  called  arytenoid  cartilages,  from  two  Greek  words, 
meaning  iadU  and  thape,  because  they  bear  some  resemblance 
in  form  to  a  ladle.  They  stand  in  the  open  space  in  the  rear 
part  of  the  thyroid,  on  the  top  of  the  cricoid  cartilage.  They 
are  the  pillars  to  which  the  vocal  chords  or  ligaments  are  attached 
behind.  These  two  cartilages  are  movable,  having  a  r^^lar 
.joint  with  the  upper  edge  of  the  cricoid.  There  are  small  mn^ 
cles  which  pull  them  m  different  directions,  and  thus  changs 
the  degree  of  tension  and  the  position  of  the  vocal  ligaIlle■■^ 
and  of  course  vary  the  note  of  the  sound  produced  by  their  nhrfr 
tion>     That  yon  may  nnderstand  how  this  is  done,  I  {pn  jot 
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ill  fig.  137  a  diagram  showing  the  orraiigeiDeDt  of  tfaeM  liga- 
ments.   It  ToprcRcnts  a  view  of  them  as  you  look  down  iota 
ttie  larynx,  in  whiuli  a  is  the  front  of  the  thyroid  cartdlage,  and  U 
are  tlie  two  arytenoid  rartiliiges.     To 
these  you  see  ait'.  Attaelied  two  sheets 
of  membrane,  which  are  also  fastened 
all  around  to  the  inside  of  the  thy- 
roid.    If  thcKO  movable  poate,  as  ve 
may  call  them,  to  which  the  ligamcitls 
are   thus   altaclit-d,  be  drawn  back- 
wiird,  it  is  obvious  that  it  will  make 
the  lignmeuts  mure  tense.     If  they 
arc  scparutcd  from  each  otiier,  the 
opening  between  the  ligaiiicnts  will 
be  widened.      If  they  are  brought        tocal  uoauints. 
iienrcr  together,  this  ujictiing  will  bo 

naiTuwed,  and  the  forward  part  of  thn  free  edge  of  each  liga- 
ment will  be  prevented  from  vibrating,  because  it  is  hero  brought 
in  contact  with  the  other  ligament. 
Now  thero  are  small  muscles  which  ''"'■  *^ 

ai*  attached  to  the  aryt«noid  car- 
tilages fur  the  purgiose  of  moving 
them  as  I  have  pointed  out  Tlie 
figtirc  which  I  have  presented  is  a 
miirc  dirigram,  to  i<how  tlie  arrange- 
ment of  the  ligamcnU  for  tlio  pro- 
duction of  the  variiius  noteo  of  the 
voiei\  In  Vifr.  138  is  n-presented 
the  actual  apix-arance  of  tlie  iiga- 
mentit  and  the  arytt.-ni>id  cartilaires, 
us  von  look  down  uiion  them.  Thu 
ligament*  yon  obwrve  are  thicker  at  t""  ^«'-'*'-  lioamkkts. 
tlu'ir  free  edges  than  any  where  else. 

3U0.  In  F^;.  lilft  you  liave  a  view  of  thelaryii:!  and  trachea 
from  behinil,  in  which  are  shown  two  of  the  muscles  that  move 
the  arytenoid  cartilages.  At  A  is  the  hyoid  bune ;  (  (,  the 
posterior  margins  of  the  thyroid  carlilago ;  between  these 
stands  the  broad  rear  part  of  the  cricoid  cartilage,  the 
middle  lino  of  which  you  see  at  c;  at  r  are  the  rear  cnda  . 
of  tlie  rings  of  the  trachea ;  ( is  the  membranous  jiart  of  the 
trachea,  which  lies  in  front  of  the  cesophagHs  or  gullet;  a 
marks  tho  top  of  one  of  tlie  arytenoid  cartilages,  and  you  sco 
also  the  top  of  the  other ;  e  is  the  epiglottis  represented  as 
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^  .  IB  a  muscio,  wbich,  ba- 
ginning  at  the  middle  line  of  the  cricoid  cartilnge,  runs  forward, 
and  is  fa4(!iied  to  the  outride  of  ihe  aryteodid  ewtiiage,  there 
being  one  liko  it  on  the  other  sido,  as  you  see ;  «  is  another 
iDUKcle  ^i'lp;  from  the  cricoid  fo  the  arytenoid  cartilage,  which 
also  has  itn  follow  on  the  other  nde.  You  can  see  that  the  muscle, 
a,  and  its  fellow,  if  controcled  would  bring  the  arytenoid  cartilages 
nearer  together,  and  BO  diminiah  the  opening  between  the  tochI 
membranes  wbich  are  fastened  to  these  pillsrs.  The  muscle,  b, 
and  ibi  fellow,  on  the  other  hand,  when  they  act,  ao  draw  upon 
thf  outer  edges  of  the  arytenoid  cartilages  as  [o  separate  these 
cartilages  from  each  other,  and  therefore  enlarge  tiie  openings 
betwi^en  the  ligaments.  There  are  other  muscles  not  ee 
the  figure,  that  alter  the  nize  of  the  orifioo  between  the 
ligaments  and  their  degree  of  l«nsiou,  and  tlius  afiii'ct  the 
of  Uie  voice. 

3T0.  1  have  described  the  true  vocal  ligaments.     But  then 
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is  another  p»r  of  lignmetita  directly  above  tbem,  the  Hpam 
between  which  is  the  real  opening  iuU>  tlic  Inrynz,  upon  which 
the  epiglotUs  shuU  down  when  we  swallow.     You  will  get  a 

ridea  of  the  arningeiitent  of  the  two  paini  of  ligaments  from 
140.     Thia  is  a  representatJoD  of  an  inner  view  of  one 


half  of  tlie  larvns,  llifl  division  boing  inado  directly  down,  and 
from  front  to  rear.  At  I  is  the  front  of  tiic  liiyroid  cartilage 
with  its  cnt  edge ;  at  c  c,  are  the  two  ciit  edges  of  the  cricoid, 
showing  how  narrow  in  its  front  [lart  com]>ared  with  its  broad 
rear  portion  :  a  is  the  left  arylenoitl  carlilngo,  c  sliowing  tho 
place  where  it  is  united  by  a  joint  to  the  top  of  llie  ericoi<l ;  /  is 
the  trachea ;  r  is  the  true  vocal  ligament  or  chord ;  v  is  the 
space  between  this  and  the  upper  ligament ;  and  e  b  the  epig- 
lottis which  is  shut  down  upon  the  upper  ligaments  as  a  ci>vcr 
hf  the  contraction  of  the  muscle  b,  just  wiien  this  is  needed. 


VppH  ud  lawai  tl(uiMnli.    Tb*  lomt  tbg  una  tsu]  shoidi. 

In  Fig.  141  is  a  diagram  represent- 
ing tbe  plan  of  these  two  pain  of 
ligamenta,  as  ahovm  by  it  perpendic-  ^°-  ^*^- 

uIm*  section  from  side  to  side.  B  B 
represents  the  vocal  ligaments,  C  C 
the  upper  ligamenU,  and  V  Y,  the 
two  recesses  oetween  them. 

371.  We  know  that  it  is  the 
lower  lignmeots  that  are  the  true 
vocal  cliords,  because  tbe  parts 
above  these,  even  the  upper  liga- 
ments, may  be  all  cut  away,  and  vet 
a  vociil  sound  may  be  produced  ; 
while  if  an  opening  be  made  into 
tbe  larynx  below  the  lower  liga- 
ments the  voice  will  be  destroyed. 
Mi^endie,  a  French  physiologist, 
speaks  -of  a  man,  who  on  account  of 
an  opening  in  the  larynx  was  never 
able  to  speak  without  pressing  his 
cravat  tightly  against  this  opening, 

in  order  to  prevent  the  air  from  escaping  tiirough  it.  Many 
eiperinienta  nave  been  tried  with  the  larynx  aner  death  to 
verify  tho  results  above  stated.  The  lower  ligaments  are  then 
the  vocal  ijhords,  by  the  vibration  of  which  all  the  different 
notes  of  the  voice  are  produced.  And  the  other  parts  of  tha 
vocal  apparatus  serve  only  to  modify  the  sound  caused  by  tha 
ligaments.  The  lungs  act  merely  as  the  "  wind-chest,"  to  hold 
the  air  which  being  forced  out  strikes  on  the  ligamenta,  and 
make.s  them  to  vibrate. 

372.  Let  us  now  apply  to  this  apparatus  the  principles 
which  1  have  developed  in  the  beginning  of  this  chapter,  as 
regulating  tho  variation  of  note  in  common  musical  instru- 
ments. The  size  of  the  aperture,  through  which  the  sound  is 
tlirown  out,  influences  the  note,  of  which  we  have  a  &miliar 
example  in  whistling.  And  as  you  have  seen  that  the  size  of 
the  opening  between  the  vocal  ligaments  is  varied  by  tho 
muscles  moviug  (he  arytenoid  cartilages,  this  must  have  an 
influence  upon  the  note  of  tlie  voice.  But  this  is  not  the  only 
QAVee  of  tbe  variation  of  the  note.  As  I  showed  in  relation  to 
tbe  reed,  and  to  the  strings  of  stringed  instruments,  so  also 
here  the  larger  and  less  tense  are  the  vibrating  bodies,  the  vocal- 
chords,  the  graver  is  the  note,  and  vice  veraa.     You  have  wmi 
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how  tbi»e  cbords  or  ligaments  nro  varied  id  tensioD  bf  the 
action  of  tb«  muscles  tbnt  move  the  arTtenoid  cartilages.  Ton 
hnve  niso  seen  tbnt,  as  these  cortilagrs  nrc  brought  near  to- 
gether by  the  muscles,  the  extent  of  the  free  vibratiiijj  edges  of 
the  ligniiieiJta  is' shortened,  bec.iuHc  tlieir  edges  are  brought  to- 
gether in  tbeir  anterior  part  {Vi^.  13~).  Magciidie  verified 
thin  by  oWrvntion.  He  opiined  the  tliroat  of  n  noisy  dog  in 
eutli  a  way  thai  bu  could  look  directly  u{>on  the  vocal  ligaments. 
When  the  suuinl.s  wuro  grav»,  he  observed  that^tlic  ligamonts 
vibrated  in  tliuir  whole  length,  aud  that  the  air  [>wscd  out  in  the 
whole  length  of  the  chink  bi^twcon  them.  But  when  tlie 
sounds  were  on  a  high  note,  the  ligaments  did  not  vibrate  in 
their  anterior  part,  but  only  in  the  [Mstcrior,  and  the  nir  passed 
out  only  nt  the  0|>en  viUniting  part.  It  is  mniiifest  that  in  pro- 
ducing the  vurious  iiote!<,  tlie  musoles  that  move  the  arytenoid 
rnrtili^'s  iict  upon  tlie  hgameuts  just  as  the  lips  do  u]>oa  the 
reed  of  the  hautboy  or  b:uaoon,  regulating  the  extent  and  the 
rapidity  of  tlic  nbrotjons. 

373.  There  biis  been  much  diftcussiou  as  to  the  kind  of  . 
musi<.-.'d  instrument  the  larynx  most  reseuibles.  From  the  facts 
above  sliiteil  it  a]>)iears  clear  that  it  most  n«embles  reed  instro- 
meiits,  though  its  analogy  to  stringed  instruments  is  also  quite 
a|>i>arent.  There  is  also  a  rcsemhltincc  to  some  aniall  exti-iit  to  ' 
common  wind  instrumenti,  as  the  size  of  tlio  orifiee  between  the 
vocal  ligamciitii  must  have  some  inllui-nco  upon  thii  note. 
Whatever  wo  may  think  us  to  the  degrees  in  which  these 
anal(^i«  esiist,  we  can  see  ibnt  the  grent  [)rincii>lo  of  musical 
sounds  is  regarded  in  all  the  arningi^mcnta  of  the  vocal  a]i()ara- 
tus,  viz.,  tliat  coarse  and  slow  vibrations  jiroducu  grave  uotos, 
whili!  rapid  and  line  vibrations  produci  high  ones. 

374,  1  will  trace  tlie  resembhmce  belw<-eii  tlii)  instrument  of 
llie  voice  and  coinnion  musical  iustiinii>'nl»i  still  farther.  I'lio 
sound  Its  it  comes  from  the  larynx  ])iisses  through  a  tube,  just 
as  llio  sound  coming  from  a  reed  dix-s  in  a  reed  instrumonL 
in  other  words  there  is  a  body  of  inclosed  air  extending  from 
the  larynx  to  the  outlets  of  the  mouth  and  uom;,  which  vibrates 
in  trauKinittiiig  the  sound  from  the  larynx.  This  body  of  air  is 
not  as  simple  m  its  form  as  that  is  which  is  inclosed  in  the  tuba 
of  common  roed  instruments.  It  has  three  outlets,  the  mouth 
and  the  two  Doatrila.  The  sound  of  tlie  voice,  however,  seldom 
comes  out  from  the  orifices  of  tlie  nostrils,  but  almost  alwan 
from  the  mouth.  In  humming  it  comes  altogether  from  tne 
aostiila.    In  ordinary  speaking  and  singing  the  cavities  of  the 


TOE  rOlCK. 
Tata  sTlba  nnl  ip 

«om  act  as  reverberatiog  cavities,  the  louDd  which  rererberatea 
thera  iaaQing  from  the  moatb.  This  foct  will  be  illustrated 
when  I  come  to  apeak  of  the  ardcDlation  of  the  Toice.  He 
curtain  of  the  palate  answera  as  a  sort  of  swing  door  between 
the  cavity  of  the  mouth,  and  the  cantiea  of  the  nose,  to  direct 
the  air  the  one  way  or  the  other.  When  a  sound  is  to  be 
reverberated  in  the  cavities  of  the  nose,  it  hangs  in  snch  a  way 
that  the  comtnunication  between  the  mouth  and  Uiese  cavities 

3Tfi.  You  have  seen  that  the  tube  connected  with  the  reed 
in  the  reed  instmment  is  so  arranged,  that  the  length  of  the 
confined  column  of  ^r  can  be  changed,  in  producing  tbo 
.  different  notes,  the  vibration  of  the  air  thus  being  brought  into 
correspondence  with  tliat  of  the  reed.  How  is  the  same  thing 
effected  in  the  vocal  apparatus  ?  It  is  done  in  two  ways. 
First,  the  length  of  the  tube  is  altered.  If  you  place  your 
finger  on  the  front  of  tbe  larynx,  and  then  sound  various  noteh, 
you  will  feel  the  larynx  rise  when  you  sound  a  high  note,  and 
fall  when  you  sound  a  grave  one.  The  object  of  this  move- 
ment is  to  alter  tbe  distance  from  the  laryuT  to  the  ontlet  of  the 
mouth,  in  otb^  words,  to  alter  the  length  of  the  column  of  air 
in  the  tube,  so  that  it  may  correspond  in  its  vibration  with  the 
vibration  of  the  vocal  chords.  But  tbe  size  of  this  column  of 
air  is  altered  in  anotlier  way.  It  is  altered  in  its  width,  which, 
as  I  have  remarked  in  relation  to  musical  instruments,  §  863,  is 
quite  as  e^ctusl  in  changing  tbe  vibration  aa  an  alteration  of 
length.  The  tube  of  the  vocal  instrument  you  readily  see  can 
be  altered  in  its  width  by  tbe  muscles  of  the  throat  and 
mouth. 

316.  The  object  of  the  tube  of  the  reed  instrument  is,  I  have 
stated  in  §  366,  to  make  the  reed  speak,  as  it  is  termed ;  that  is, 
to  give  intensity  and  an  agreeable  character  to  the  sound.  The 
tulM  in  the  instrument  of  the  voice  undoubtedly  does  the  same 
thing.  If  the  voice  should  come  directly  from  the  larynx  with- 
out passing  through  the  tube  attached  to  it,  it  would  be  as  dis- 
wree^ble  aa  the  sound  of  a  reed  when  separated  from  its  tube. 
The  voice  gels  most  of  its  melody  after  it  is  made  in  the 
larynx,  as  it  passes  out  through  the  column  of  air  in  the  throat 
and  mouth.  And  it  is  tbe  variations  of  this  tube  produced  by 
the  muscles  that  surround  it  that  give  to  tbe  voice  its  variety 
of  tone  as  well  as  its  melody,  thus  constituting  one  of  the 
great  excellencies  of  the  vocal  instrument  in  comparison  with 
all  conunon  musical  instrumentB,     If  the  voice  of  Jenny  Lind 
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could  he  n);ida  to  cotnu  directly  from  the  larynx,  notwithatand- 
ing  its  gK&t  compnsa,  it  would  lose  all  its  cbnrm,  and  would  ba 
better  fitted  fur  tho  performances  of  Punch  and  Judy,  than  fbi 
the  public  concert 

UT7.  It  i»  A  verv  common  popidar  notion,  that  a  boftneoeBS, 
or  a  l(Vu«  of  voice,  indicates  disease  in  the  Innfp.  But  you  hare 
fieen  tlint  the  lungs  are  the  mere  bellows,  or  the  "  wind-chest "  of 
tho  organ  of  the  Toice,  and  that  the  voice  is  produced  by  the  vi- 
bration of  Ibe  vocal  li^rumunti)  as  the  air  forced  from  tlie  wind- 
cliost  strikes  tlieiii,  and  is  modified  by  the  tube  which  extends 
from  tlio  larynx  to  the  outlet  of  the  mouth.  Any  alteration  of 
tho  sound  therefore,  as  hoarseness,  must  be  caused  by  difficulty 
either  in  the  lignmenls,  or  tlie  tube,  or  in  both,  and  an  en- 
tire loss  of  the  voice  can  ha  caused  only  by  an  afiection  of  the 
ligaments.  DiaeiMC  in  the  luii^  it  is  true,  is  very  apt  to  affect 
the  larynx  arid  tlio  throat  by  extension  or  by  symjiathy,  and 
thus  nltei*  the  voice  ;  but  it  often  docs  not.  Coiisumptive  per- 
Rons  sometimes  have  a  clear  voice  almost  to  the  lust. 

378.  The  epiglottis,  besides  acting  as  a  lid  for  the  larynx,  for 
tho  food  to  pass  over  it  into  the  ccsophagiis,  also  has  an  in- 
fluence upon  the  voice  in  two  ways.  First  it  can  be  made  to 
narrow  more  or  less  tho  passage  of  air  from  the  larynx.  And 
secondly,  some  exporiracntd  of  M.  Greniu  on  reed  instruments 
show,  tliat  it  has  an  inHuencu  upon  the  intensity  of  the  voice. 
When  experimenting  on  sonie  reed  instrument,  he  lyshed  to  in- 
crease tho  intensity  of  sound  without  changing  the  reed.  For 
this  purpose  he  gntdunily  increased  the  force  of  the  current  of 
tl)e  air ;  but  tins  not  only  augmented  the  sonnd,  but  raised  its 
note.  lie  at  length  obviated  tlie  difficulty,  bv  placing  obliquely 
in  tlic  tube,  just  undi>r  the  reed,  a  supple  clastic  tongue.  Ho 
could  now  give  greater  iutensity  to  tlie  sound  wiUiont  raising 
itti  note.  The  epiglottis  seems  to  perfonn  the  same  office  in 
our  viKnl  tube,  for  it  is  elastic  and  supple  like  the  little  tongue 
which  M.  Grenie  placed  in  tho  tube  of  hia  instrument.  Ita 
situation  is  similar  also,  it  being  directly  over  the  double  reed 
of  the  larynx,  as  we  maycall  its  ligaments.  There  are  muscles 
to  move  it,  so  that  it  may  be  at  the  ri^lit  inclination  in  all 
cases.     One  of  these  is  seen  in  Fig.  140  at  b, 

370.  I  have  thus  traced  the  analogy  between  tlic  nj>p.'>ratus 
of  llic  human  voice,  and  musical  instruments.  How  nicely  ad- 
justed are  all  ita  parts !  "With  what  precision  must  the  musclea 
that  move  tbem  net  in  those  who  are  able  to  proilnce  the  most 
delicate,  oa  tj-ell  as  thf  most  striking  variations  of  note  !     Every 
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modulatiitn  of  the  roico,  however  Bli^t,  requires  muscular  ao- 
tioD  to  efluct  it  Tlie  vocal  ligamenta  must  be  put  io  just  such 
a  state,  or  tie  wrong  sound  wilt  be  produced.  So  too,  tho 
muscles  of  the  mouth  and  throat  must  put  the  tube  of  the 
Tocal  instrament  into  the  right  shape,  in  order  to  have  the  cod- 
taiuud  column  of  air  correspond  in  vibration  with  the  vocal 
ligaments.  To  hare  some  conception  of  tho  variety  of  the 
motion!)  of  the  muscles  concerned  in  the  modulation  of  the 
voice,  listen  to  some  sings  whose  voice  can  command  with  ease 
and  freedom  a  great  extent  of  the  scale.  For  every  note  thai 
you  hear  there  is  a  distinct  and  particular  adjustment  of  the 
vocal  ligameuts,  atid  of  course  a  particular  degree  of  contrac- 
tiou  of  the  little  muscles  that  move  them.  Let  us  see  how  deli- 
cate the  action  of  these  parts  is.  It  is  calculated  that  the  liga- 
ments vary  in  lengtli  only  about  the  i  of  an  inch  in  producing 
all  tho  not«s  (J  the  voice.  Now  the  natural  compass  of  lh« 
voice  (that  is  its  range  from  its  lowest  to  its  highest  note)  in 
most  singers  is  about  two  octaves  or  24  semitones.  Within 
each  si'mitone  a  singer  of  ordinary  capability  can  produce  6  or 
6  distinct  notes ;  so  that  for  the  whole  number  of  notes  that  be 
can  sound  dbtinctly  120  is  a  moderate  estimate.  He  therefore 
produces  120  different  states  of  tension  in  the  vocal  ligamenta 
And  as  the  variation  in  their  length  for  passing  from  the  lowest 
of  these  1 20  notes  to  the  highest  is  only  t^e  -^h  of  an  inch,  the 
variation  required  t'>  pass  from  one  note  to  another  will  be  only 
tho  T-N-th  of  an  inch.  A  very  expert  singer  can  produce  a 
mucli  more  dKlicale  action  tlian  tliis,  and  distinctly  appre<»ate 
the  ri»ult  by  his  ear.  How  great  the  contrast  between  the 
minute  contractions  of  the  little  muscles  that  move  tliese  vocal 
ligiinieiitK,  and  the  contractions  of  the  lar^  muscles  in  the  arm 
that  wi.'ld  tlie  ax  .ind  the  sledge-hammer  1 

380.  It  is  proper  to  notice  here  one  very  marked  difierence  be- 
tween the  vocal  apparatus  and  common  musical  instruments.  I 
have  s[)oken  in  the  previous  paragraph  of  distinct  notes  as  exe- 
cuted by  the  voice.  Most  instruments  execute  only  these  distinct 
notes.  But  the  voice  can  also  glide  from  one  note  to  another 
with  a  continuous  sound.  In  ^is  respect  the  vocal  instrument 
is  superior  to  common  musical  instruments.  There  is  one 
iiiNtrument,  however,  the  violin,  in  which  this  gliding  moi'cmirnt 
can  be  to  a  great  extent  imitated,  it  is  done  by  sliding  the 
finger  ontho  string,  as  it  vibrates  under  the  bow.  A  ]>cculiar 
use  of  tliia  gliding  movement  distinguishes  tbe  voice  of  »peecJi 
from'  that  of  aong,  as  I  shall  show  you  in  anotbar  part  i^  thia 
22* 
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chapter.  It  is  by  an  imitation  of  thi:^,  by  sliding  the  finger  on 
the  string,  that  the  violin  can  bo  mado  to  imitate  so  well  the 
toDi.'S  of  conversation. 

381.  Tlie  mascles,  by  which  all  the  variations  in  the  tension  of 
the  vocal  liijaniont*  are  etfi*ctcd,  n-coive  nervi-afrom  the  brain,  and 
are  under  the  jyuidancD  of  the  will.  When  the  mind  therefore 
wills  to  produce  a  certain  sound,  these  muscles  immediately 
phice  the  parts  in  such  a  state  as  to  cause  that  sound.  Thia  u 
true  of  the  muscles  that  put  the  tuln  in  correspondence  with 
the  larynx,  as  well  jus  of  those  which  produce  the  right  state  of 
tension  in  the  ligaments.  It  is  also  true  of  the  muscles  which 
articulate  the  voice,  of  which  1  am  yet  to  speak,  and  of  those 
which  work  the  chesty  the  bellows  or  "  wind-che^^t "  of  the  organ 
of  the  voice.  The  muscles  of  this  apparatus  are  in  the  same  con- 
dition with  other  voluntary  muscli.*s;  and  therefore,  like  them, 
the  more  they  are  trained  in  the  exercise  of  their  powers,  the 
more  jHirfect  will  l)e  their  a».^tion.  The  mu'icles  in  the  arm  and 
hand  of  the  infant  learn  to  execute  th(;  inoticms  of  which  they 
are  capable  gradually.  Just  so  it  is  with  the  muscles  of  the 
voice — from  our  infancy  th<*y  are  traintid  undor  the  ear  as  an 
instructor.  The  museles  which  retrnjate  the  adjustment  of  the 
voc^l  liijamenb*,  in  produoini^  tlni  ditlcn'nt  notes,  cannot  do  it 
accurat<;ly  without  the  edueati«>n  of  exercise,  any  more  than  the 
lips  of  one  just  beginning;  to  \Ai\y  on  the  hautboy  or  clarionet, 
can  regulate  their  pressure  on  tluj  reed,  so  as  to  sound  the  dif- 
ferent notes  correctly.  Tlnj  analoi^v  is  iierfect,  for  it  is  the 
muscles  moving  the  vocal  chords  that  vary  the  note  of  the  voice, 
and  it  is  the  muscles  monng  the  lips  that  vary  their  pressure 
on  the  reed,  and  of  course  vary  the  nnt<»  of  the  instrument. 

J82.  The  skillful  sin«j(*r  or  speaker  exhibits  much  skill  in 
nianaging  the  muscles  of  the  "wind-chest."  lie  keeps  it  all 
the  time  well  sn])plied  with  air,  so  that  but  a  companitively 
slinrht  action  of  the  expiratory  muscles  will  suffice  t«>  throw  the 
air  aijaiiist  the  vocal  ligaments  with  the  requisite  force.  But 
an  unskillful  singer  or  sptiaker  much  of  the  time  has  his  chest 
poorly  supplied  with  air,  and  so  speaks  or  sing^,  as  it  is  exj^ressod, 
from  the  top  of  the  chest.  It  costs  him,  therefore,  so  niuch  labor 
to  throw  out  the  air  with  suffici«'nt  force,  that  he  is  soon  tired 
out.  The  necessity  of  keeping  the  chest  full  of  air,  in  order  to 
work  the  vocal  apparatus  easily,  may  be  il  hist  rated  by  reference 
to  the  bagpipe.  If  the  bag  containing  the  air  be  well  filled,  a 
slight  pressure  of  the  arm  upon  it  will  force  the  air  through  the 
pipe  with  sufficient  rapidity  to  ]^roduce  the  sound.     But  if  the 
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bag  be  flaccid,  from  the  little  quantity  of  air  in  it,  a  very  etrong 
pressare  of  the  arm  will  b«  requiied  to  produce  the  some  e^ot. 
883.  But  it  in  not  the  mnsclea  of  the  chest  oolj  that  are  tfred 
ovt  in  the  unskillful  ginger  or  speaker,  bat  also  the  mosctw  of 
the  larynx  and  the  throat  And  a  ft«qtient  tiring  of  these 
muscles  weakens  the  force  of  the  parts,  and  often  at  length 
produces  disease.  Much  of  the  throat-disease  of  public  speakers 
oomes  from  this  cause,  and  is  a  nervous  disease,  the  affection  of 
the  lining  membrane  of  the  throat  being  often  a  mere  accompa- 
niment. This  result  is  more  apt  to  occur  when  the  nerrous 
force  of  the  system  generally  is  impaired,  than  when  there  is  a 
state  of  vigor.  It  is  also  more  apt  to  occur  in  those  who  speak 
in  a  uniform  and  somewhat  monotonous  mannerj  than  in  uiose 
who  have  much  variety  in  their  mode  of  apeaking.  A  continua-  . 
tion  of  precisely  the  same  muMularefibrt  for  any  length  of  time  is 
^t  to  produce  painful  exhaustion,  while  a  much  jjrealer  amount 
of  varied  muscular  effort  may  be  put  forth  widiout  weariness, 
or  even  with  pleasure. 

384.  It  would  bo  interesting  to  trace  the  differences  in  the 
arrnngemeat  of  the  vocal  apparatus  in  different  animals,  but  I 
will  only  notice  the  arrangement  which  we  find  in  birds.  The 
voice  of  birds  is  formed  not,  as  in  us,  at  the  top  of  the  wind- 
pipe, but  at  its  lowest  portion.  Like  the  human  voice,  it  is 
produced  by  the  vibration  of  sheets  of  membrane.  These  aro 
placed  just  at  the  division  of  the  trachea,  where  its  two  branchm 

[o  off  to  supply  the  two  lungs  with  air.  The  voice  is  formed 
>y  these  ligaments,  and  is  then  transmitted  through  the  column 
of  ail  contained  in  the  whole  length  of  the  windpipe.  This 
column  of  air  must  have  some  influence  on  the  note  of  the  voice, 
according  to  its  length  and  diameter.  Birds,  therefore,  in  sing- 
ing different  notes  change  its  length  in  some  measure.  This  is 
easily  done,  a.*  the  windpipe  is  composed  of  rings  of  cartilaijes, 
GonnecUid  together  by  membranous  substance.  There  are  mus- 
cles indeed  up  and  down  the  tube,  for  the  purpose  of  shortening 
it  by  approximating  these  rings  to  each  other.  As  the  turkpy 
gobbles  he  throws  his  head  up  and  down,  and  thus  shortens 
and  lengthens  the  trachea.  This  movement  is  quite  obvious 
also  in  uie  canary  bird. 

385.  Ha\-ing  thus  treated  of  the  formation  and  the  mod- 
nlatioD  of  the  voice,  I  coma  now  to  its  artieulatum,  which 
makes  it  the  grand  medium  of  intercourse  between  man  and 
man.  I  will  mst  describe  the  parts  engaged  in  articulatioD,  and 
then  ipmk  of  the  a^ncy  of  each  of  Sitaa. 


e 
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380.  Tlio  t-ocnl  tube,  nbicli  I  have  dncribed  u  extending 
from  the  IflrvHx  to  tlia  outlets  of  the  mouth  and'  the  aoetiih, 
proHiiccfl  all  tlic  vnriety  of  pronunciation  in  all  the  difi^rent  Uo- 
f^fifjreit  of  our  globe.  It  \b  nil  one  cavity,  though  it  ia  partial^ 
divided  l>y  partition  walls.  If  yoa  recur  to  Fig.  10,  on  pus 
48,  you  n'ill  sno  a  roprcHntation  of  this  compound  cai-ity.  At 
tlie  (op  of  llie  trnchcK  d  you  see  the  epi^ottis  e,  which  shall 
down  u)iciii  its  orilii.'e  whon  wc  are  HK-sllowin^.  Above  thi«  it 
(I  ]ar<!e  Hpaui  eiilled  the  phar}-nx.  It  is  the  back  part  of  tha 
tlirmtt,  wliicli  wc  can  see  behind  the  arch  of  the  palate  on 
lookiiij;  lit  it  Uirnugh  the  open  month.  Ila  communication  with 
tliii  iiiKUih  011(1  till'  cavi^cs  of  the  none  ig  rpg^idatpd  by  the  palata 
ff,  wljii'h  u  moved  by  muKcIeB  into  the  different  poaitton?  required. 
Tlio  cavitii*  are  very  complicated,  having  Reveral  partitions  [mt- 
tinlly  dividing  them,  as  seen  in  Fig.  89,  and  they  communicata 
with  cells  in  the  bones  by  small  orifices.  That  very  movable 
orpiui,  the  tuiiguc,  and  the  teeth  and  lipn,  I  need  not  describe. 

387.  We  .will  now  oliserve  the  ngi-ncy  which  the  difibrent 
parts  of  this  (tomixtniid  vocal  tnliu  have  in  tlie  nrticulalion  of  the 
voice.  Ever^  letti;r,  wliclhet  it  bo  a  vowel  or  a  consonant,  re- 
'luireBnpartieularjKMitionof  the  different  parts  of  the  vix-al  tube. 
In  Mome  lellera  the  tongue  is  the  chief  agent  in  articulation,  in 
utiK'nt  tlie  lii>s,  in  otlierK  the  teeth,  in  others  the  palate,  and  there 
are  some  in  the  fornitttion  of  which  the  cavities  of  the  nose  Imie 
Ml  ii»]H)rtaul  ngeney.     I  will  notice  tlie  dilferent  parts  scpnratelr- 

SHH,  Tlie  tiinguu  has  been  considered  so  esAfntial  ti>  speech, 
llint  tongue  and  language  are  nOen  used  synonymously.  Hut 
though  it  does  jK'rtiifni  an  imjiortant  pnrt  in  nrtieutation,  it  is 
not  alwolutely  essiiitial.  Tliougli  it  »*i»ls  in  the  (brniation  of 
miLiiy  of  the  alpli.ibcticnl  elements,  it  is  the  principal  agent  in 
but  two  of  them,  /  and  r.  llie  loss  then  of  this  busy  little 
orgiiTi  ilof-K  imt  Mci^i'ssarily  produce  dumbnei's,  nor  even  intpnir 
Ui  iiiiy  ;rr<-iit  I'xti-nl,  in  somo  ca^es  at  least,  the  power  of  speech. 
To  prove  this  I  will  (it*  a  few  facts  which  nmH?ar  to  lio  well 
HiiUieiitiented.  The  Ernporor  Justin  snvs  thnt  lie  had  seen  ven- 
erable men  who,  after  their  tongues  baa  been  cut  oft'  at  the  root, 
"complained  bitterly  of  the  torture  they  hnd  suflerwl."  Ho 
SAys  alfii  in  another  ]>lnc«  thnt  Rome  jiri^ioncrs,  who  were  pnn- 
ishi'd  in  tliis  barbarous  manner  by  I1i>noriehiu!i,  King  of  the 
Vandals,  "  perfi^tly  retained  their,  spei-ch."  ]tnt  there  are  cases 
more  thoroughly  jittested,  Iinving  been  cxnmined  and  n.^|>ortcd 
upon  by  scientific  observers.  A  boy,  who  lost  his  tongue  by 
disesM  at  the  age  of  eight  years,  was  exhibited  publicly  becauas 
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be  could  talk  irithoiit  a  tongue.  At  the  request  of  the  membera 
of  the  University  of  Saumur,  tho1x>y  was  brought  before  theoi 
by  Jiia  friepds.  After  a  strict  examiaatioQ  they  were  perfectly 
satisfied  as  to  the  facia  in  the  case,  and  recorded  their  official* 
tMtiraony  to  that  effect.  A  very  interesting  account  is  given 
of -another  case  in  the  Philosophical  Tmnsactions,  in  several 
papers  published  Irom  time  to  time  between  the  years  ITi2 
and  1747.  It  is  the  case  of  a  girl  who  lost  from  disease  the 
whole  of  her  tongue,  together  with  tlie  uvula,  [the  little  round 
body  which  hangs  down  from  the  middle  of  the  arch  of  the 
palate,)  and  yet  could  talk  and  swallow  as  well  as  any  one. 
Ho  perfect  was  her  articulation,  that  she  could  pronounce  with 
exactness  those  letters  which  commonly  reouire  the  agent^  of 
the  tip  of  the  tongue.  She  could  sing  finely,  articulating  with 
die  same  clearness  as  when  she  talked.  The  sockets  of  the  teeth 
too  wore  so  much  injured,  that  tliere  were  few  teetli,  and  these 
rose  so  little  above  the  gums,  that  tliey  could  not  render  much 
assistance,  if  any,  in  articulation.  This  case  was  investigated 
very  tlwroughly.  Tlie  account  was  given  to  the  Royal  Society, 
attested  by  the  minister  of  the  parish,  a  physician  of  repute,  - 
and  another  respectable  person.  The  Society,  not  wishing  to 
give  too  easy  a  credence  to  so  strange  a  case,  requested  another 
report  from  another  set  of  witnesses  appointed  by  themselves, 
and  they  gave  tliem  a  series  of  questions  to  guide  iliem  in  their 
invesligHUone.  The  report  whicn  they  made  out  coincided  very 
minutely  with  the  account  firet  given.  The  case  excited  so 
much  interest  that  the  young  woman  was  at  length  brought  to 
London,  and  appeared  before  the  Royal  Society  to  autisty  them 
that  she  could  really  talk  and  sing,  although  she  had  no  tongue. 

380.  Sonie  of  the  letters  are  formed  principally  by  the  teeth, 
as  c,  (,  »,  2.  They  are  therefore  called  Dmtah.  It  is  the  loo 
frequent  and  bungling  employment  of  some  of  these  which  con- 
Etitut«s  lisjjing.  Those  who  have  a  tongue  too  laqre  for  the 
mouth  are  apt  to  lisp.  In  advanced  age,  when  the  teeth  are 
lost,  we  find  this  defect  of  lisping.  The  reason  is  obvious. 
When  the  teeth  are  gone,  the  socketd  gradually  become  oblit- 
erated, and  that  part  of  the  jaw-bone  where  the  teeth  were,  of 
course  diminishes  in  size,  making  the  moutli  too  small  for  tbo 
tongue. 

380.  The  letters,  in  the  articulation  of  which  the  lips  take 
the  lead  are  b,p,  m,/,  v,  to,  Ac,  and  are  called  ItMais.  Chil- 
dren, when  tbey  first  begin  to  Ulk,  use  labials  fruely,  becauaa 
they  can  see  in  others  the  motions  necesaary  for  their  pronund 
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fttion,  and  then  imitate  tbem.     Hence  the  endeuing  lernuB  used 

b;  the  child  to  tlic  parent  nre,  I  believe,  to  all  Unguagea,  cw 
iienrty  ull,  composed  of  kbiula  atid  vowels.  And  too,  it  is  from 
tlie  delight  wLicli  the  child  takes  in  repestjng  over  and  orer 
thefic  terms,  tliat  wo  have  the  word  papa  and  mama,  inatemd 
of  pa  and  ma.  The  same  thing  can  be  abeerved  in  other  IsD- 
gun<rcs  ns  well  aa  the  English.  If  we  teach  a  child  to  say 
father  instead  of  pn)>a,  he  tinds  little  difficulty  in  articulating 
the  &\-*i  syllable,  b^cuuse  it  Vgins  with  a  labial,/;  but  in  ths 
last  sylhible  he  will  at  first  substitute  for  tk  the  labial  x,  making 
it  fai'er.  Intoxicated  persons,  their  lipe  being  weak  and  trem- 
bling, arc  apt  to  make  an  awkward  use  of  the  labtaU,  as  well  ■■ 
of  Uiose  letters  in  which  the  tongue  has  much  agency.  Per- 
sons witli  lai^  Ups  also  are  apt  to  list*  the  labials  unskillfuUy. 
Soiiit*timc3  one  labi.tl  is  used  for  an'jther,  as  /  for  v,  and  p  for 
6.  This  is  verj-  coinmon  among  the  Welsh.  Sbakspcare  givea 
1114  an  amusing  case  of  thin  sort  in  i^ir  Hugh  Evans  iu  the  Merry 
Wives  of  Windsor,  "ferry  goot,"  says  he,  "I  will  make  a 
prlef  of  it  in  my  uote  book."  And  so  he  snyn  i)ratDs  for  brains, 
jieings  fur  Ix-ings.  ])otler  fur  blotter,  £e.  Ine  labial  m  is  some- 
times usihI  for  V,  thus,  wincgiir,  indiwisible,  worry  wijioroua. 

3 Ell.  The  oaiMil  cavities,  it  'm  obvious,  must  have  a  ^eat 
itiHncncc  in  nrtJLidatJuu.  The  li;tleni  »i  and  n  are  partly  na^. 
Ill  }ironoaiidng  m  at  the  end  of  a  iiyllable,  as  dim,  em,  or  om, 
we  cli>;e  the  lips,  and  the  sound  issuing  from  the  larynx  rever- 
brates  in  iho  cavities  of  the  nose.  Yoit  can  perceive  this  rever- 
bcnition  by  preiviiLg  guntiv  ujion  the  nostrils  with  tho  fingers 
whilu  prunuuncing  this  syllable.  The  seme  can  be  said  of  n, 
excttpt  that  iu  pronouncing  it  we  press  the  tip  of  the  tongue 
against  the  roof  of  the  month  just  behind  the  frunt  t^th,  yire- 
vuuling  the  |iiissi^rc  of  the  air  out  tliruugh  the  mouth  in  thia 
way,  iusti-ad  of  duing  it  by  closing  the  lips,  aa  in  niticulating 
M,  When  »t  and  n  begin  syllables,  as  in  mo  and  mo,  the  month 
in  ujieiKHl  afler  the  m  orn  li  pronounced,  in  order  to  give  utter* 
nnce  to  tlie  next  letter.  These  are  two  distinct  nets,  but  the 
one  succeeds  the  other  so  quickly,  that  they  apjiear  to  bo  a 
single  act.  Tlie  nasal  sound  ng  is  the  one  which  we  emjiloy  in 
humining.  Hence,  the  mouth  is  kept  closed  and  the  sound  issues 
from  the  orifices  of  tho  nostrib. 

392.  A  reverberation  of  sound  in  the  back  part  of  the  mouth 
and  the  cavitiea  of  the  nose  constitutes  a  distinguishing  peculi- 
aritv  of  many  of  the  consonants.  Thus,  in  pronouncing  b  and 
^  ine  lipa  are  placed  pTecisely  in  the  same  manner,  and  th9 
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only  differeDoe  between  them  b  tliat  b  has  Uie  reverberation 
spoken  of,  but^  baa  not.  If  you  pronounce  these  two  lett«ra 
in  the  syllables  ap  and  ah,  for  example,  while  you  press  on  the 
noetriU  with  your  fingers,  you  can  feel  tbe  vibration  occaitioned 
by  this  reverberatioQ  in  pronoundng  b,  but  there  is  obriously 
none  in  prononncing^.  lliia  reverbereUon  is  heard  in  the  follow- 
ing alphabetical  elements,  B,  D,  G,  V,  Z  (the  sound  of  »  in  tbe 
word  at),  Y.  W,  Th  (as  in  thou),  Zh  (the  sound  of  z  in  azure), 
Ng,  L,  M,  N,  R.  Tboae,whicb  liave  not  tbis  reverberation  are 
P,  T,  K,  F,  S  (»fl  heard  in  «<n),  II,  Wh  (as  heard  in  tehick), 
TU  (as  heard  in  thiruf),  Sh  (the  aound  of  s  in  »itre).  Tliat  you 
may  contrast  these  two  bets  of  alphabetical  elements  individu^Iy, 
I  place  them  here  in  two  rows.  B  is  like  F,  except  that  it  has 
a  reverberation,  and  so  on  through. 

B,  D,  G,  V,  Z,  Y,  W,    Th,  Zh,  Ng,  L,  M,  N,  R. 

P,  T,   K,  F,    9,  U,  'Wh.Th,  Sh. 

393.  In  what  is  commonly  called  speatiog  through  the  nose 
the  reverberation  mentioned  above  is  disagreeably  Htrong,     The 

£opular  idea  of  it  is  incorrect,  for  this  &uTt  occurs  in  those  who 
ave  some  obstruction  to  tbe  free  passage  of  the  air  through 
tbe  nose.  This  obstruction  acts  like  tbe  pressing  of  the  noatrils 
with  the  fingers,  confining  more  or  less  the  body  of  sir  con- 
tained ill  the  nasal  passages.  It  is  the  vibration  of  this  air  thus 
partially  confined  in  tortuous  passives  that  produces  the  nasal 
twang.  Any  thing  therefore  which  prevents  the  free  outlet  of  the 
air  from  the  nose  will  occasion  it.  Pressing  the  fingers  on  the 
nostrils  while  speaking,  as  already  hinted,  will  produce  it.  A 
common  example  of  it  we  have  in  what  is  called  a  cold  in  the 
head.  The  snuff-takcr  has  this  twang,  because  by  such  constant 
stimulation  of  the  hning  membrane  it  becomes  thickened. 
Those  who  have  ibis  fault  of  "speaking  through  tbe  nose,"  do 
not  like  others  breathe  ordinarily  through  the  nose  aione,  but 
you  see  them  sitting  with  their  mouth  constantly  open,  showing 
that  there  is  so  much  obstruction  in  the  nasal  passages  that 
they  are  not  able  to  transmit  sufficient  air  to  the  lungs. 

394.  I  have  thus  far  spoken  of  articulation  as  employed  in 
ordinary  speech,  that  is  with  a  vocal  sound.  But  when  no 
sound  is  produced  by  the  ligaments  of  tbe  larynx,  as  is  the  case 
in  whispering,  the  noise  produced  by  the  passage  of  the  air 
through  the  cavities  of  the  vocal  apparatus  can  be  so  articulated, 
as  to  be  heard  distinctiy  at  a  considerable  distance.  Fereona, 
therefore,  who  have  entirely  lost  the  voice  cut  converse,     b 
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wbuMTing  thevoRsI  ligaiuenU  a 
umply  breflthc.     But  the  g<       ' 


e  relnxed  m  tliey  are  when  «• 
>f  w}iispcring  h)M  its  higli  and 
low  notes  like  the  vocnl  goudU.  The  vurintion  of  note  is  caumd 
by  variiitioa  of  tbe  siise  of  the  colunin  of  air  contained  in  the 
vocal  tube.  Thia  is  effected  chiefly  by  the  tongue.  In  the  high 
notes  of  whiapering  the  tongue  in  nc&rer  tho  roof  of  the  month 
than  in  tho  low  notes.  I'he  distinction  between  many  of  the 
letters  as  to  rcvorbcrntion  notiued  in  g  3S3  holds  iu  vhispeiing 
aa  il  dues  in  ordinary  vocal  speech. 

305.  You  can  observu  tlie  uiechanism  of  tho  parts  that  n 
necessary  for  any  one  of  the  alphabetic  elements,  by  pronoun- 
I'iiiir  some  syllable  which  it  en<ls,  prolonging  the  sound  of  tlie 
letter  iu  question.  And  in  doing  this  you  will  readily  bo«  the 
incorrectness  of  the  coininon  delinition  of  consonants  viz.,  that 
they  are  letters  which  cannot  be  sounded  without  tbe  aid  of  a 
vowel.  Take,  for  instance,  the  letlter  m  in  the  syllable  am. 
After  getting  an  iden  of  tlic  mocbanisni  necessary  for  it  by 
Bounding  it  with  a,  yuu  can  r<-adi]y  sound  it  alone.  It  is  proper 
to  n:mark  here,  that  Iti  observing  the  distinctions  between  tho 
alphabclical  elements,  you  must  bear  in  mind  that  the  names 
which  arc  given  to  tlie  letters  in  the  alphabet  do  not  represent 
their  sounds.  For  oxiiniple,  II  (aitcli)  and  W  (doublu-u)  are 
nothing  like  the  sound  of  these  letters  iu  lutve  ainl  JOatt. 

396.  Various  ottemiibi  have  been  niadc  to  imitate  the  artic- 
ulation of  sounds  by  niechaiiistu,  bnt  with  very  liniitcd  success. 
In  1779  a  prize  was  offered  by  the  Acadeiny  of  Science  at  St. 
Petersburg,  for  tho  best  dissurUitiim  on  tho  theory  of  vowel 
sounds,  and  it  wtut  .iwantcd  to  G.  li.  Kratzanitein,  an  account 
of  whuse  ex|)criments  wa«  published  in  the  Transactions  of  tha 
Acadeniv.  lie  found  that  the  Konnd  of  the  four  vowels.  A,  E, 
O  and  iJ,  might  be  i>roduced  by  blowing  through  a  n-cfl  into 
tubes,  the  fitrms  of  wliicli  arc  repre^euled  in  Figures  14'J,  143, 
144  and  14S,  and  that  the  sound  of  I,  as  pronouucid  by  tha 
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FreDch  tmd  other  European  nations  can  be  produced  by  blowing 
into  the  tube,  Fig.  146,  by  blowing  at  a  witnont  using  the  reed. 
M.  Kempelen,  of  Vienoa,  the  inventor  of  ^aolzel's  automaton 
chess-player,  carried  the  imitation  of  the  human  voice  still 
farther.  He  produced  an  instrument  capable  of  uttering  certain 
words  and  abort  phrases  in  Latin  and  French.  But  it  ia  not 
known  exactly  bow  he  accomplished  this,  as  he  kept  the  matter 
secrcL  A  gentleman  of  Cambridge,  England,  investigated  this 
subject,  and  among  other  things  found  that  by  blowing  through 
a  reed  into  a  conical  cavity,  the  vowel  sounds  could  be  pro- 
duced by  altering  the  size  of  the  aperture  for  tlia  passage  of  the 
air  from  the  cavity,  by  means  of  a  sliding  board.  I  have  alluded 
to  these  attempts  to  imitate  the  voice,  to  show  by  contrast 
the  wondSrful  completeness  and  perfection  of  the  vocal  appa- 
ratus. Kempelen's  instrument,  a  box  three  feet  long,  could^ 
produce  only  a  few  words,  but  the  instrument  of  the  voiee, 
although  it  occupies  so  little  room  in  the  body,  can  utter  all 
words  in  all  languages. 

3D7.  We  have  now  examined  the  whole  of  the  vocal  appa- 
ratus. You  will  observe  that  1  have  spoken  of  it  as  having  two 
parts,  the  larynx,  which  is  the  reed  of  the  instrument,  and  the 
vocal  tube,  which  you  have  seen  is  quite  complicated,  for  the 
purposes  of  articulation.  Every  action  in  both  parts  of  the  in- 
strument is  produced  by  muscles.  You  have  seen  that  the 
action  of  muscles  is  requisite  to  cbush  any,  even  the  slighteet, 
variation  of  note.  So  it  is  with  the  articulating  apparatus,  as 
it  may  be  called.  Every  alphabetical  tlenient,  (and  in  our  lan- 
guage Rush  makes  36  in  the  whole,)  requires  a  particular  ad- 
justinent  of  the  articulating  apparatus.  This  adjustment  is 
effected  by  muscles  that  move  the  tongue,  lijts,  palate,  &c.  As 
these  muscles  then  perform  such  varied  movements,  to  produce 
this  variety  of  note  and  articulation,  it  is  no  wonder,  that  they 
.  require  such  long  and  diligent  trdning.  The  child  begins  this 
long  course  of  education  the  moment  he  utters  an  articulate 
sound.  Observe  bim  as  he  pronounces  the  syllable  pa  or  ma, 
the  first  which  children  generally  learn.  He  looks  at  his  mother's 
lips,  and  imitates  the  motion  as  well  as  he  can.  Cheered  by 
his  success,  and  by  her  approving  smile,  he  is  constantly  repeat- 
ing these  first  lessons  in  pronunciation  to  every  one  that  cornea 
near  him.  Being  as  yet  without  skill  in  the  use  of  these  organs, 
he  g^ves  much  more  force  than  is  necessary  to  the  mechanical 
motions  of  articulation.  For  example,  in  pronouncing  the  word 
pa,  he  cloMS  hia  lipa  strongly,  and  not  slightly  aa  we  do,  and 
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when  lie  opcin  it  fur  the  ul  tcrtkiice  of  the  word  he  does  it  with  an 
explosive  force,  at  tho  Rnmo  time  quickly  boning  his  head.  Tka 
energy  of  his  whole,  fmiiie  st^ccns  to  be  concentrated  upon  Lha 
effort.  Day  after  day  he  strives  to  tuld  to  his  stock  of  words, 
but  his  progress  is  slow  ;  un<l  ns  a  sort  of  coinpcnution  for  tho 
leanness  of  liis  stock  he  repeats  ttioHc  which  he  has  learned,  and 
BO  of  his  own  acconl  ho  snys  papa  and  maiDina  instead  of  using 
the  words  of  a  single  syllable.  In  this  education  of  the  orgiins 
of  the  voice  tlie  oiU"  is  tlic  princi|>al  instructor,  but  the  eye,  aa 
you  see,  is  id:*o  of  (rrciit  assistance.  The  little  pupil,  on  he&riDg 
a  sound  which  he  wish<'s  tu  ulter  liiinscif,  tries  to  imitntf  tlie 
motion  which  he  sees  is  used  in  producing  it,  and  lie  continues 
to  try  till  his  ear  ar^sures  him  that  he  has  actually  mastered 
the  sound.  Soon  he  is  able  to  utter  two  dil&rent'^articulate 
sounds  in  succession  ;  and  he  guL'S  on  learning  year  after  year, 
tjli  at  length  he  can  connnarid  all  the  sijunds  of  his  native 
tongue.  And  I  niny  n  nitirk  thai  it  is  iu  irhiMhuod  and  youth 
alune,  that  we  can  Iciirn  aecunitely  and  Ihurouglily  the  pronun- 
diition  of  u  language  tli.-it  is  at  all  difficult  in  tliis  res|>ect. 
Hence  a  foreigner,  however  long  he  iiuy  live  in  a  country,  to 
which  be  gues  in  adnk  lifi',  cannot  wholly  conceal  his  native 
acceut.  And  we  know  how  much  such  sounds  as  that  of  th 
trouble  tlie  Gcrinaa  aud  the  Freiictiman,  unless  tliey  bi^a  to 
learn  tlie  Eng1i»>h  language  early  in  life. 

3U8.  If  we  observe  dittcrent  perHons  while  speaking  or  sing- 
ing, we  shall  see  that  ^uine  manage  the  vocait  apparatus,  or  pla^ 
on  the  vocal  instrument,  as  we  may  express  it,  with  more  skill 
than  others.  Listen  tu  two  {lersuns  in  conversation,  the  one 
modulating  and  arliculating  his  voice  with  a  graceful  melody, 
tlie  other  having  an  utteraucc  linr^h  and  awkwivd ;  and  the 
contrast  is  as  gn^iit  as  tliat  Uitwcun  two  iiistruineutR,  one  of 
which  is  well  .ind  the  other  l>adly  played.  In  some  you  can  al- 
most imagine  that  you  hear  Uie  creaking  of  liiemacliineiy;  whil« 
in  others  you  do  tiot  oiiee  think  of  the  mechanism  of  the  voico, 
but  your  ear  feasts  u)'on  its  richly  niiHlulati'd  and  gracefully 
artJculated  sounds.  It  is  as  true  uf  tho  muscles  of  the  vocal 
apparatus  as  of  those  of  .iny  other  part  of  the  body,  that  skill  in 
the  management  of  them  can  be  very  nmch  increased  by  exer- 
cise. The  rope-dancer,  by  training  his  muscles,  gives  iJiem  a 
wonderful  predsion  of  action.  The  saroe  thing  can  be  dona 
with  the  muscles  that  regulate  the  niodulatioii  aud  articulation 
of  the  voice.  And  in  the  most  noted  singers  the  little  musclea 
wliich  move  tlia  vocal  ligameata  and  those  which  ai^nat  th* 
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parts  of  the  vocal  tube,  moat  have  a  precision  of  action  incom- 
parably mure  aecurata  and  delicate  than  the  large  inii»clcs  id 
the  limbs  of  the  rope-dancer.  If  we  compare  the  limited  and 
bungling  operations  of  the  vocal  apparatus  in  a  little  child  just 
beginning  to  talk,  with  its  iDfinitely  varied  but  precise  movo- 
meots  JD  a  voluble  speaker,  or  a  skillful  singer,  we  shall  hare 
some  conception  of  the  delicacy  of  motion,  of  which  the  niu^les 
of  this  apparatus  become  capable  by  lung  continued  exercise. 

899.  There  is  a  defective  action  of  the  muscles  of  the  vocal 
^paratua,  called  stammering  or  stuttering,  which  I  will  juat 
notice.  It  u  an  irregular  spusniodic  action  of  these  muscles,  very 
much  like  that  which  we  see  in  the  muscles  of  other  parts  of 
the  body  in  the  disease  called  St  Vitus'  dance.  It  in  very  much 
influenced  by  habit,  and  mental  agitation  aggravates  it  Shak- 
Bpeare  gives  the  following  accurate  description  of  it  "I  would 
thou  wouldst  stammer,  that  thou  migh  test  pour  out  of  thy  mouth, 
as  wine  conies  out  of  a  narrow  mouthed  bottle,  either  too  much 
at  once,  or  none  at  all."  It  is  a  singular  and  instructive  fact, 
that  many  who  stutter  in  ordinary  conversation  can  read  and 
sing  ai  well  as  others.  Dr.  Good  remarks  that  one  of  the  worst 
stainmen'rs  he  ever  knew  was  one  of  the  best  readers  of  Paradise 
Lost  that  he  ever  heard.  Such  facts  suggest  some  valuable 
principles  in  the  treatment  of  this  ditficulty,  which  can  be  more 
easily  overcome  than  is  commonly  supposed. 

400.  Not  only  is  the  ear  the  educator  of  the  muscles  of  the 
voice,  but  the  dependence  upon  the  ear  is  entire.  The  deaf  and 
dumb  therefore  are  in  almost  every  ame  dumb  because  they 
are  deaf.  Their  vocal  organs  are  in  a  good  condiUon,  and  the 
muscles  are  all  there  with  their  nervous  connections.  But  the 
machinery  does  not  work,  for  there  is  no  guiding  power  to 
direct  it  That  this  is  the  true  view,  is  proved  by  those  cases  in 
which  hearing  has  been  restored,  for  such  restoration  is  followed 
by  that  of  the  power  of  speech.  Magendie  relates  an  interest- 
ing case  of  this  kind.  It  was  the  case  of  a  youug  man  deaf 
and  dumb  from  birth,  who  had  his  hearing  restored  by  M.  Itard. 
He  first  heard  the  sound  of  the  neighboring  bells,  which  not 
only  caused  very  lively  emotions,  but  even  headache  and  dizzi- 
ness. The  next  day  be  heard  the  sound  of  the  small  bell  in 
the  room,  and  shortly  after  he  could  hear  the  voice  of  persons 
speaking.  His  delight  was  then  extreme,  and  be  was  so  ab- 
sorbed m  his  new  enjoyment  that,  says  Professor  Percy,  "  hji 
eyai  seemed  to  seareh  tLe  words  even  on  our  tips."  Hu  voiot 
was  aooo  deraloped.    Hie  muscles  of  the  tocsI  (ngaaa,  so  long 
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innctive,  began  to  wake  up  under  the  tuition  of  ihwr  itietructor, 
the  ear.  Only  vagin'  soiinils  were  formed  at  first,  and,  altboiifffa 
after  a  while  he  conid  prunouncc  some  vordi,  he  did  it  awlc- 
wnrdly  as  children  do  when  tliey  aro  be}>inniiig  to  talk.  He 
learned  to  talk  very  slowly.  It  would  have  been  very  interest- 
ing to  have  watched  tliia  case  in  its  progrew,  bat  this  was  pre- 
vented bv  a  disease  which  proved  fatal, 

401.  Few  ciisen  occur  like  thnt  ^liich  is  related  above,  but 
there  arc  many  cafes  in  whieh  the  dependence  of  s|>cec])  upon 
hearin;;  is  proved  in  another  way,  I  refer  to  thoec  cases  ia 
wliich  the  loss  of  the  jiowcr  of  BjMjeeh  is  Dbvioiislv  the  conte- 
qnence  of  the  loss  of  the  hearinp:.  This  is  the  case  with  childrea 
tiint  becoTne  eirtirfly  di-af  after  they  have  made  some  progress 
in  learning  to  talk,  lliey  cease  to  talk,  and  vety  soon  forget 
the  motions  wliich  they  bad  learned  to  make  in  articulatiofi. 
Sometimes  some  of  these  motions  aro  remembered,  and  tho 
individual  can  yironomice  some  words.  Hut  he  does  it  very 
awkwardly,  and  llie  consciousn*.*!  of  this  makes  him  very  averse 
to  trying  it  A  friend  mentioned  to  me  the  cose  of  a  man  who 
became  deaf  just  after  he  had  learned  the  aljihahet.  He  ro 
memliered  the  muchanicid  effovt  necessarj-  to  produce  each  letter, 
but  be  had  no  control  over  tho  loudness  or  note  of  tlie  voice,  so 
that  some  of  ilio  letters  he  sounded  very  high,  others  low,  some 
very  lood,  and  others  soft,  making  of  course  some  laughable 
contrasts.  It  is  undoubtedly  ]>osHihle  to  teach  deaf  and  dnmb 
jiersous  to  talk  to  some  extent,  if  we  Ix^n  early  enough  ;  but 
the  jKiwcr  of  s]ieech,  after  the  iiiiisl  permtvering  training,  must 
be  awkwardly  mechanical,  and  i-xceedingly  limited.  Accord 
ingly  all  such  efforts  have  been  very  soon  given  up. 

402.  The  question  lias  j.robiibly  uiiscn  in  your  minds  as  U> 
what  the  differi'iice  is  between  the  void'  of  K|n>ech  and  the  voicu 
of  song.  The  common  notions  on  this  subject  were  very  indeti- 
tiite  until  recently.  Hut  Dr.  KuHh,  in  his  admirable  work  on  Uie 
voice,  has  develo]ie<l  the  true  jirinciples  in  regard  to  it.  He 
linn  shown  that  we  use  the  sHme  notes  in  s]>oeeli  and  song,  and 
that  the  difference  lies  in  the  mode  of  using  them.  I  i>Tll  en- 
deavor to  place  before  vou  the  most  prominent  and  material 
poiDts  in  his  view  of  this  subject 

403.  If  yon  pronounce  the  sound  a  as  heard  in  day,  you  will 
obierve  that  it  ends  in  another  sound,  that  of  e.  The  voice  in 
pronouncing  it  rises  through  the  interval  of  a  tone,  the  BOAnd 
at  the  some  time  gradually  diminishing.  So  of  otiier  letters 
Tbtu,  a  as  aounded  in  atae,  ends  or  ranishes  in  «  ■■  heard  in  err;  « 
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as  heard  in  old  vaniahes  ia  oo  aa  heard  in  ooze;  and  ou  aa  heard 
in  our  vanishes  also  in  oo.  The  vanishing  sounds'are  of  conne 
rather  obscure  and  feeble.  The  first  sound  he  calls  the  **  radical 
movement  of  the  voice,"  and  the  aubeequcnt  ditninisbing  sound 
ils  "  vanishing  movement,"  The  rise  of  the  voice  during  the  van- 
ishing movement  is  not  alwajs  through  the  interval  of  a  tone, 
but  it  may  be  only  a  semitone,  or  it  may  be  even  tlirough  the 
interval  of  an  octave.  '  In  singing  the  movement  is  very  differ- 
ent. Wo  paw  "quickly  and  faintly  through  the  radical  move- 
ment to  dwell  with  greater  time  and  fullness  on  a  note  or  level 
line  of  sound  at  the  extreme  place  of  the  vanish."  Both  in 
song  and  speech  there  is  also  a  downward  as  well  as  an  upward 
movement  on  ihe  scale.  Tha  gliding  of  the  voice  on  the  scale, 
and  iU  gradual  vanish  cannot  be  imitated  on  instruments.  Tbey 
may  be  imitated  to  some  extent  however  on  the  violin  if  the 
finger  moves  along  the  string  while  the  bow  is  drawn.  The 
difierence  between  the  voice  of  speech  and  song  is  thus  re[H9- 
sented  by  Dr.  Bush : 
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At  1  is  represented  the  vanish  on  the  interval  of  a  tone ;  at  2 
on  that  of  a  third ;  at  3  on  that  of  a  fifth,  and  at  4  on  that  of 
an  octave. 

404.  I  will  notice  very  briefly  the  use  of  the  vanishing  move- 
ment in  speech.  In  simple  narrative  the  vanish  never  rise* 
above  the  interval  of  a  tone,  as  at  1.  Whenever  it  rises  higher 
it  is  either  for  emphasis  or  interrogation.  The  vanish  on  tbe 
interval  of  a  fiflh,  as  at  3,  ia  the  most  common  mode  of  interro- 
gation. That  of  the  octave,  i,  is  used  when  tbe  question  is 
asked  with  great  vehemence,  or  is  accompanied  with  sneering, 
mirth,  contempt,  or  raillery.  Thus  when  the  Jew  in  the  Mer- 
chant of  Venice  asks, 

Hsth  a  dog  moncjr  I     !■  il  paenlble 
A  cur  CHD  lend  t«n  Ihauaand  ducaU  I 

there  is  a  rise  through  the  interval  of  an  octave  on  the  wordi 
eur  tad  dog.     You  observe  that  tJie  rise  is  on  the  words  whiah 
ara  flm^uwud.     Thos  we  can  make  four  entirely  difimol 
2S* 
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sentcncra  of  tlie  nucstion,  do  you  ride  to  town  to  day  ?  accord- 
ing ns  we  make  tlio  rise  on  you,  or  ride,  or  (own,  or  day.  Bjr 
the  use  of  this  rising  vanish  wc  can  make*  a  questjon  of  tha 
moot  [>o!iitivc  a^sortion,  oveo  of  the  blunt  uegatire,  no. 

ioa.  Th(!  vatiisli  OD  tlie  interval  of  a  semitone  gives  the.Toica 
a  j)liiiiitive  ch»r<ictcr,  .and  it  ie  therefore  uRcd  for  the  ezpreBsion 
of  luve,  grief,  BU|ii>lic:ition,  &e.  It  is  oometiinca  used  so  much 
0.1  to  give  n  gftienil  cliarat.'tcr  of  iilaiiitjvcncss  to  one's  whole 
cunviiisntion.  As  a  vpry  clear  and  striking  illustration  of  the 
jiciwer  of  the  nemitono  we  will  take  the  cry  of  lire.  Divide  the 
word  into  two  syllables,  ti-yer,  and  ascend  the  scale  thus : 
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Fi-yer.        Fi-yor         Fi-yer.  Fi-yer. 

The  two  places  of  the  semitones,  indicated  by  the  braces,  will 
give  tilt!  ery  of  lire  as  we  commonly  henr  it  Sometimes  we 
hear  it  cried  in  sjHirt  ujion  one  note,  and  the  sound  is  discordant 
and  ludicrous.  &i  also,  the  two  words,  "0  (fear,"  sound  like  a 
mere  mockery  of  grief,  if  ultcri'd  on  one  note,  or  any  other 
interval  than  the  semitone. 

406.  Every  one  learns  to  talk,  but  there  arc  many  who  do 
not  Icam  t«  sitig.  Now  as  the  same  notes  are  used  in  the  two 
coses,  what  is  the  reason  of  the  difference?  The  reason  is  not 
in  ail  absolute  inability  to  appreciate  the  variations  of  note  in 
sound,  fur  thesu  arc  jiractically  appreciated  in  the  use  of  the 
vanishing  rise  in  conversation.  There  are  two  reasons  for  the 
ditferi'nce.  One  is  thiii.  As  the  trausiiions  of  the  voice  from 
one  part  of  the  scale  to  another 'are  much  more  varied  in  song 
than  in  speech,  and  arc  made  by  leaj>3  instead  of  slides,  song 
n.'<|uires  greater  skill  than  speech  does  in  tlie  action  of  tlie  mus- 
cles. Another  reason  is,  that  speech  Ls  a  nemsU^,  and  song 
is  not.  AVe  learn  to  speak  therefore  as  a  matter  of  course,  but 
singing  is  a  mere  accomplishment.  If  it  were  learned  as  un\ 
vcrsially  as  s]ieaking  is,  there  would  he  nearly  as  much  good 
singing  as  good  speaking.  We  can  realize  the  truth  of  this 
assertion,  when  we  obecrvo  the  results  of  very  curly  Iriiining  in 
unging.  And  we  should  realize  it  still  more  if  singing  were 
UDivenallf  considered,  as  it  should  be,  as  an  eMential  part  of 


the  cducatioD  of  children.  And  I  may  remark  in  tbis  connec- 
tioD,  that  all  have  Bome  measure  of  musical  talent,  though  in 
some  it  is  exceedingly  small  in  amount.  The  difference  in  this 
respect  in  different  pemona  is  the  same  as  the  difference  in  re- 
gard to  any  other  tiileut,  as  that  of  draiving  for  example.  Skill 
is  acquired  in  the  same  way  in  both  case?,  and  its  aegrca  de- 
pends to  the  same  extent,  and  in  the  Ramc  manner  upon  natural 
endowment. 

407.  Some  persons  possess  extraordinary  powers  in  the  use 
of  the  vocal  organs.  I  refer  to  ventriloquism.  This  is  a  purely 
imitative  art,  and  is  not  to  be  attributed  to  an^  peculiar  forma- 
tion of  the  parts  in  the  individual  who  possesses  the  power. 
The  ventriloquist  must  have  the  faculty  of  appreciating  with 
great  accuracy  the  almost  infinite  variety  of  tones,  articulations, 
and  inflections  of  the  voice,  and  must  be  able  to  imitate  them 
with  but  little  motion  of  those  parts  of  the  articulating  apparatus 
which  appear  in  view.  He  at  the  same  time  makes  skill^l  use 
of  those  drcumstances,  which  will  favor  the  false  impressions 
in  the  minds_  of  his  audience,  in  relation  to  the  locality  of  the 
source  of  the'  sounds.  This  is  the  simple  explanation  of  thia 
wonderful  power.  ^ 


CHAPTER  XV. 

THE  KAIL 


Is  the  last  chapter  I  treated  of  the  production  of  sound  by 
the  vocal  apparatus.  In  this  chapter  I  propose  to  abow  you 
bovr  the  impression  of  sound  is  transmitted  to  the  brun,  in 
order  to  produce  the  sensation  of  hearing. 

408.  That  you  may  the  better  understand  the  arrangement 
of  the  apparatus  of  hearing,  I  will  first  notice  some  of  the 
principles  that  govern  the  transmission  of  sonorous  vibrations. 
Sound  may  bo  produced  by  the  vibration  of  any  substance; 
though  some  are  better  fitted  to  produce  it  than  others,  and  are 
ther^re  called  sonorona  bodies.  When  the  vibrations  which 
Cknae  iQlind  are  eqiul,  a  muneal  Mound  results ;  but  if  thev  art 
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unequal,  wo  havo  a  discordmit  Bound,  or  wlut  we  or^naril/ 
call  a  noite.  Sound  is  traasmitted  from  the  point  whero  it 
ori^nates,  in  nil  directions.  And  its  vibrationa  grraduall^  Iw 
sen.  Just  as  the  ripples  IcMi-n  which  arc  produced  by  dropping 
a  atone  into  the  water.  The  vibrations  of  N)und  are  renectod 
hj  objects  against  which  thoy  strike.  For  this  reason  th«  voica 
can  be  beard  at  a  much  grcnt^r  distance  if  it  be  transmitted 
along  a  wall  tlinn  \r\u:u  it  is  uttered  in  an  open  space.  Tliii 
may  b«  illiiBtrated  on  Fig.  147.     Let  A  B  represent  a  wall,  vid 


G  the  position  of  Ihe^ar.  If  the  hA\  at  D  be  rans,  bcsidM 
the  vibrations  which  come  to  the  c-ir  nt  C  in  the  direct  line 
G  D,  a  vibration  sinking  the  wall  at  P  will  come  to  the  ear  in 
the  line  F  C,  and  the  same  can  he  said  of  other  points  along 
the  wall.  An  nc-CHmulation  of  vibrations,  therefore,  comes  to 
the  ear  at  C,  which  tliercforc  receives  a  louder  sound  from  the 
bell  than  jt  wotil  J  if  the  bell  were  rung  in  a  perfectly  open 
space.  For  the  same  reason  a  speaker  can  be  heard  much  more 
easily  within  wi,lls  than  he  can  be  in  the  open  air.  Tlie  sound 
is  reflected,  and.  therefore,  in  some  measure  concentrated  by  the 
walls.  In  Hpeakiti^  tubes  this  reflection  and  concentration  are' 
earned  to  a  stilt  greater  extent.  Sound  can  in  this  way  be 
beard  at  a  jjreat  distance  from  its  source.  M.  Blot  found  that 
when  he  spoke  in  a  whisper  at  one  end  of  a  tube,  over  three 
thousand  feet  in  lenp;th,  he  wai  distinctly  heard  at  the  other  ■ 
end;  so  entirely  do  ibe  walls  of  tlie  tube  prevent  the  difiiision 
of  the  vibration  in  the  air  around.  Spcakmg  tubes  are  there- 
fore used  to  a  great  extent  in  large  manufactories,  where  direc- 
tions need  to  be  given  continually  to  workmen  in  dilforent  jmrta 
of  the  establishment.  The  flexible  tube,  now  so  coinmonly 
made  use  of  by  deaf  persons,  furnishes  another  illustration. 
The  vibrations  of  the  voice  received  by  the  tmmpet«haped  end 
are  transmitted  through  the  tube  to  toe  ear. 


400.  Sound  may  be  transmitted  through  any  eubstimce, 
whether  it  be  eolid,  liquid,  or  gaseous.  It  cannot  be  tranft- 
mitted  thrqugb  a  vacuum,  for  tliere  is  notliing  there  to  vibrate. 
Sound  differs  in  this  respect  from  light,  which  passes  aa  readily 
through  a  vacuum  as  it  does  through  any  transparent  substance. 
The  fact  that  sound  cannot  be  transmitted  through  a  vacuum 
is  often  illustrated  by  an  experiment  with  the  air-pump.  If  a 
bell  be  put  under  the  receiver,  and  be  set  to  ringing,  (w  the  air 
is  exhausted  by  the  pump,  the  sound  becomes  more  and  morti 
_  faint,  and  at  length  it  is  not  beard  at  alL  For  tlie  same  reason, 
a  pistol  6red  on  the  summit  of  a  mountain,  gives  nothing  like 
BO  loud  a  report  as  when  it  ia  fired  in  the  valley  below.  The 
more  solid  the  medium  is  for  the  transmission  of  sound,  the 
more  readily  is  it  transmitted.  The  scnitching  of  a  pin  at  the 
end  of  a  long  log  may  be  heard  by  the  ear  applied  to  the  other 
end,  although  it  cannot  be  heard  through  the  air,  at  even  the 
distance  of  a  few  feet.  Savages  are  in  the  habit  of  putting 
the  ear  to  the  ground  to  hear  the  step  of  their  enemies  when 
they  apprehend  their  approach.  A  deaf  gentlemaQj  resting 
the  ^owl  of  his  pipe  on  his  daughter's  piano-forte  as  he  smokd, 
found  that  be  could  hear  the  music  with  great  distinctness ;  and 
many  deaf  pereons  can  hear  conversation,  by  holding  a  stick 
between  their  teeth,  while  the  other  end  rests  against  the  teeth 
of  the  petiKin  speaking.  A  knowledge  of  th?  ready  transmis- 
sion of  sound  through  solids  suggested  the  examination  of  the 
chest  in  disease  by  Uie  ear.  If  the  ear  he  applied  to  the  chest, 
the  various  sounds  produced  by  the  lur,  as  it  pauses  through 
the  bronchial  tubes  into  the  air  cells,  can  be  heard  through  uie 
solid  walls  of  the  chest,  and  thus  the  state  of  the  lungs  can  be 
discovered.  Water  is  a  much  better  conductor  of  souoroua 
Vibration  than  air,  though  it  is  not  as  good  an  one  as  a  solid 
8ut>stan»>.  The  force  of  the  vibration  is  lessened  more  gradu- 
ally in  water  than  in  air,  and  its  rate  of  progress  in  water  is, 
according  (o  Cbladni,  4,900  feet  in  a  second,  or  between  four 
and  five  times  as  great  a.<t  in  air. 

410.  Sonorous  vibration  does  not  pass  readily  from  one 
medium  to  another.  Thus,  although  the  scratch  on  the  log  is 
heard  so  easily  by  the  ear  at  the  other  end,  if  the  ear  be 
removed  a  little  from  the  log,  it  does  not  hear  the  sound, 
because  the  vibration  is  so  much  lessened  in  passing  from  the 
solid  wood  to  the  air.  It  is  clear  that  the  more  unlike  the  two 
substances  are,  when  soand  passes  from  one  to  the  other,  ibe 
more  will  the  vibration  be  lessened ;  for  the  more  nnlike  they 
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are,  the  less  posily  will  tlio  ono  Uke  tlio  vibration  from  tbo 
otlior.  For  this  reason,  a  aonorous  vibrntion,  prodaced  in  k 
solid  l>oilv,  may  be  Irniisraitted  to  ivater  with  much  leas  loss  of 
intcn^ty  or  forco,  tlian  occurs  nben  it  is  tninBmitted  to  air. 
And  it  may  l>o  rcmnrkcd  in  tliis  connection,  that  when  vibra- 
tions arc  transmitted  to  a  fluid,  from  air  or  from  a  solid,  tlio 
iuti'rvention  of  a  niembrnne  ia  of  e»ential  service,  for  it  pre- 
sents a  firm  surtiico  upon  wliicli  (lie  vibrntions  Gun  b<>  ivceived. 

411.  Till)  prineiples  wbich  I  have  thus  noticed  nil)  be  seen 
to  apply  to  tlie  iirningemeiit  of  tlic  apparatus  of  henring,  as 
ve  pn-Hni-d  in  tlio  cxaminntion  of  it.  It  lias  various  parts  for 
till!  ditTereiit  jiortionH  of  tliH  process  wliich  wo  call  liearin<».  I 
will  premiM  a  mere  general  di^scrip^un  of  this  prueesn,  before 
entcnng  U]ion  the  examination  of  llie  apparatus  in  detail.  The 
vibrations  of  sniuiil,  pa««iiig  intu  the  ear  by  a  tuU-,  strike  at 
the  iH^Itiiin  of  that  tube  upon  a  drum,  ^bu  nir  can  f^  no  far- 
ther, for  tills  ilnim  is  ]>erfL-<;lly  .lir-tifrht.  It  comniuniotites  its 
vibratioiin.  however,  to  the  drum,  which  transmits  tlietn  to  a 
chain  of  four  littli-  bone^,  ttie  la^t  of  which  tr.insnnta  thvm  to 
anotlier  drum,  covering  an  opi'niiig  into  v.^rious  winding  *pas- 
nagos  in  solid  bone.  Iti  thesn  jiassaf^^'s  is  contained  a  limpid 
fluid,  (vliii'li  is  put  in  motion  by  llie  vibrations  of  the  drum  List 
mentionoil.  Si  iiiiuh  for  the  mere  mechnnital  part  of  the  pro- 
cess. In  til'.'  winilini;  passugiti  are  spread  out  tl>e  minute  fibres 
of  tlic  iiervt'  of  hearing.  The  vibrations  of  the  liquid  in  tlii»e 
halls  of  nudicnee,  m  we  may  call  them,  niiiko  an  impn-Asion 
u]X)n  these  iktvi-s,  whiuli  is  cominnnientcil  to  the  brain  thmu^ 
the  trunk  of  the  nen'e,  and  this  eom])k't<'s  the  whole  pnieess 
neeeKsar\'  to  the  [inMluction  of  thu  seniation  of  hearing.        • 

412.  'I1ie  jiarls  of  the  A|i|<nrnlits  of  hearing  mnr  Im  i«.>on  in 
Kig.  ]  tfl.  liie  inti'mnl  jiurlions  arc  made  rather  laiger  tlian 
naturni,  in  urdiT  that  the  arrangitment  may  be  inor(>  clear.  At 
n  A  >-  is  th<-  e^t'.■mal  ear;  at  tt  is  the  entrance  to  tlio  lube  of 
the  ciir/;  ;/  is  the  drum  of  the  ear  at  (ho  end  of  thia  tube, 
wdled  the  membrane  of  the  t^mpaimta;  h  Is  the  canty  of  the 
tTm}>anuin,  the  chain  of  bones  which  it  cuntaiiis  being  left  out, 
au  that  the  plan  nf  the  ap|>aratns  may  bo  more  clear  to  you; 
it  is  the  Ku«tncliiau  tul*c,  which  makes  a  coinmunicndon  be- 
tween the  back  of  the  throat  and  the  cavitv  of  the  tympanum ; 
n  is  a  part  of  tlie  winding  passages,  shaiiej  like  a  siiail's  shell, 
and  is  therefore  called  the  eorhlea;  a(  m  are  three  other  wind* 
ing  passages,  called,  from  their  form,  avmi-cireuJar  canah;  and 
at  /  IS  the  vestibule,  or  common  hall  of  entrance  to  all  these 
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winding  piLBsagee.  Id  tba  Mvitj  of  tho  t^nnpanum,  oa  the  side 
opposite  to  the  drum  of  the  ear,  you  see  ivo  holes.  Tbeae 
open  into  the  winding  passages,  the  larger  one  into  their  veati- 
bule  or  entrance  hall.  Both  of  these  iioles  are  covered  by  a 
menihrane,  and  to  the  membrane  of  the  larger  one  ia  attached 
the  last  of  the  chain  of  bones.  At  o  is  the  trunk  of  tha  nerve 
of  b^ariiig,  and  at  «  c  itt  tlic  bone  that  incloees  these  parts, 
which  is  BO  hard  that  it  is  called  the  petrous,  or  rock-like  bono. 

Hiiring  given  you  this  general  view  of  the  apparatus,  I  shall 
now  s|)caB  of  each  part  more  particularly. 

413.  The  object  of  the  external  ear  is  to  collect  the  waves  of 
sound,  and  direct  them  into  the  tube  of  the  ear.  There  have 
been  many  speculations  in  regard  lo  the  use  of  the  prominences 
and  ridgusof  the  external  ear,  hut  they  are  fiinciful  and  ground- 
less; and  its  surface  is  thus  diversified,  probably  foimhe  »ako 
of  making  this  organ  a  comely  one.  If  the  object  were  (o  give 
it  tba  best  shape  and  arrangement  for  collecting  the  vibration* 
of  tonnd,  it  would  hare  had  a  difierent  shape  altt^tother,  mi 
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would  havo  been'  iirrtnn;c(l  with  muscles  which  could  turn  it  in 
different  diri.'ctiniis,  tt*  is  the  casa  with  many  auimals.  Hm 
shnpo  of  tlio  cxttM-iml  ear  la  much  bettt:r  in  tnanj  animals  thait 
it  is  in  man,  if  wu  consiJcr  its  object  to  be  merelj  the  collec- 
tion of  tlie  waves  of  sound.  The  endowment  u  in  this  ease,  as 
veil  as  in  cverv  otlii>r,  according  to  the  oeccssitiea  of  the  cas& 
Tlio  bat  is  guidcil  m>  much  in  its  morcmenls  by  the  sense  of 
hearing,  thiit  it  linn  of  neceuily  very  large  ears,  and  they  ara 
BO  shaped  as  to  cillect,  in  the  Ixist  pa<sJbTc  manner,  the  vibra- 
tion!) of  the  air.  With  prunorlionably  large,  and  similarly  shaped 
ears,  man  wrtild  hear  much  better  than  ho  now  does,  but  ho  naa 
no  need  of  such  Uf;1v  appendagee.  In  regard  to  the  motions 
of  the  ears  in  ntiimals,  it  is  worthy  of  remark,  that  animals  of 
j,rey  can  turn  thtir  cars  forward  with  the  moat  facility,  while 
timorous  animals  turn  their  ears  backward  to  keep  warned  of 

414.  The  tube  of  the  ear  is  about  an  inch  long  in  the  adult. 
It  is  (onned  of  cnrtilago  tike  the  cut^rnal  car,  and  ends  at  tho 
drum.  At  its  entrance  are  hairs  which  afford  soma  protection 
aff.'iinst  intrudi'i'A.  lint  the  chief  pnttcotion  is  the  bitter  wax, 
which  is  se<Titcd  by  little  glands,  situated  in  the  skin  of  the 
tubo.  The  odor  from  thi.t  seci'ction  so  effectually  keeps  out  the 
insects  from  this  open  entrance,  that  it  is  quite  a  rare  occurrencfl 
to  have  an  iuru.'cl.  ;;i-t  into  the  car.  And  when  one  does  get  in, 
the  wax  envelojies  him,  and  commonly  soon  destroys  him. 

415.  The  dium  of  tlio  ear,  which  makes  the  closed  end  of 
the  tube  above  described,  as  seen  at  •},  Fig.  148,  is  very  thin 
and  transparent.  On  the  other  side  of  it  in  the  cavity  of  tha 
tympanum  A.  In  this  cavity  are  tlio  four  bones.  These  sre 
rcjrt'eKentcd  in  Hq;.  HO,en!srgi?d 

to  that  you  can  see  tlieir  shapo    ,  ^°   '"• 

distiuctly.  Tliey  are  named  from 
their  shapm.    They  are  the  mal- 


;  the 


round  bone  o,  the  smalleHt  bone 

in  the  liody;  and  the  tlapa  or 

stirrnp-lmiie.     Tlie  lon^  lianil!i> 

of  the  hammer  h  is  fastened  to 

the  midd%of  the  di'um  of  tlie  ear.     The  little  round  bone  is 

(iKcd  b^twei-n  the  slender  end  of  the  anvil,  and  the  top  of  the 

atirrup-lx>no.      In  Rg.  150  you  have  a  representation  of  these 

bonw,  tiigether  with  the  drum  of  the  ear.     While  the  end  of 
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the  handle 'of  tha  iiaramer  is  festeDed  to 
the  middle  of  the  drum,  the  base  of  the 
stirrup  is  (aiitfiDcd  to  another  drum,  cover- 
ing the  liolo  or  windon,  ^bning  into  the 
veetibule  of  the  winding  passngcs.  Tiiera 
are  thro«  very  delicate  musctea  which  move 
these  boubs.  One  of  them  relaxes  the 
drum  of  the  ear,  and  another  makes  it 
more  tense ;  and  thus  the  drum  is  put  into 
the  right  states  of  tension,  to  accommodate 
it  to  the  various  kinds  of  vibration  that  come 
matter  of  some  importance,  for  it  is  plain  that  while  a  relaxed 
drum  can  vibrate  properly  to  grave  sounds  that  enter  the  ear, 
it  must  bo  tense,  in  order  to  respond  properly  to  the  vibratioiis 
of  the  air  in  the  higher  notes. 

416.  The  cavity  of  the  tympanum  {h  Fig.  148)  in  which  the 
little  bones  are,  aiid  which  is  beyond  tha  drum,  communicatee 
with  the  mouth  by  the  Eustachian  tube  A.  If  you  shut  your 
mouth,  and  close  the  nostrils  with  the  fingers,  and  then  perform 
the  action  of  blowing,  you  ^ill  feel  the  air  enter  the  Eustachian 
tubes,  and  Sll  the  cavity  of  the  tympanum.  The  chief  object 
of  this  communication  is  to  have  air  on  the  inside  as  well  as 
the  outside  of  the  drum,  so  that  it  may  vibrate  freely.  Tha 
easily  of  the  tym[>anum  might  indeed  have  been  a  closed 
cavity,  containing  air.  But  it  would  then  have  been  very  much 
like  a  common  drum,  with  the  hole  in  its  side  closed.  Thi» 
would  very  much  impair  the  vibration, 

417.  We  now  come  to  another  part  of  the  apparatus  of 
hearing — the  winding  passages.  These  are  inclosed,  as  I  have 
already  slated,  in  the  most  solid  hone  in  the  body.  ITiey  are 
called  together,  very  appropriately,  lire  labyrinth,  sometime* 
the  internal  ear.  Tins  is  really  the  essential  part  of  the  apparv 
tm.  Here  are  the  true  halls  of  audience,  whore  tlio  nerve  is 
posted,  which  receives  the  messages  from  without,  and  trans- 
mits them  to  the  brtun.  The  drum  of  the  ear  and  the  ch.'un  of 
little  bones  may  be  destroyed,  and  yet,  if  ttiese  winding  pas- 
fiages  remain  entire,  with  Che  membrsues  over  the  two  windows 
that  open  into  thorn,  the  hearing  will  not  be  lost;  tliough  it 
will  be  less  perfect  than  it  is  when  the  whole  of  the  a]iparatus 
is  there,  and  in  good  order.  Sir  Astley  Coojwr  relates  the  case 
of  a  gentleman,  who  lost  the  drums  of  both  ears  by  disease. 
By  shutting  his  mouth,  he  could  blow  the  air  out  through  his 
ears,  with  such  .force  as  to  make  a  whistling:  noiv,  and  to  raoTO 
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the  hiur  that  huii<r  from  his  tcm;il«i.  Yet  he  was  not  only  abk 
to  hear  with  ease  all  common  coiircTsntion,  but  he  had  a  nioa 
appreciation  of  musica!  sounds.  Sir  Aatley  aaya  that  "  he 
pluyed  well  on  the  flut«,  nnd  hnd  fn^ucntly  borne  a  part  in  a 
concert;  and  he  sung  nith  much  ta»tt^,  and  perfectly  in  tane," 
418.  The  labyrinth  is  repruscnte"!  much  maguified  in  Fig, 
151.  Tlio  raidiilo  part  of  it  ",  is  the  valibuU.  From  tliis  go 
out  the  lemi-eireular  canals, 
T,  y,  z,  on  the  upper  sid.',  and  ""■  "'■ 

on  the  lower  the  winding  paii- 
aagoa  of  Ihu  (^oclilua,  k.  At  o 
you  SCO  the  opening  cftllwl  the 
'fenestra  oralis,  or  oval  win- 
dow. This  is  covpRil  by  a 
miMobranc,  on  which  prci-jvs 
tlic  base  of  the  stirrup-bone. 
You  see  another  opening  r, 
which  is  c-iilleil  the  fcntsirn 
rotunda,  or  rounr.l  window. 
This  is  covered  with  a  meni- 
bmno.  Both  of  lliesi-  open- 
ings you  see  in  Fig.  118,  in 
the  cavity  of  the  tympanum, 
opposite  to  the  drinii  of  (In? 
ear.     In   these  winding   yoA- 

sngea  is  a  watery  Huid,  llit!  vibrntions  of  which,  acting  upon 
the  branches  of  the  nervii  diiitribuli-d  th<-rc,  cau^e  the  sensation 
of  hearing.  Of  course,  if  either  of  lh<^  niembmiKti  covering  the 
openings  into  these  jiass.iges  bo  destroyed  or  broken,  the  fluid 
will  run  out  fnim  the  eiir,  and  tliero  can  In*  no  more  hearine, 
although  the  rest  of  the  apparatus  is  jHTfect.  Tlie  driim  will 
continue  to  vibrate  ns  sounds  strilti:  upon  it,  the  little  chain  of 
bones  will  re]icat  the  vibration,  but  it  will  stop  at  the  end  of 
tlie  chain,  tlie  stirruplikfl  lume.  So  too,  althouglii  the  mem- 
branes may  bo  entire,  anil  the  wh'ilo  ajiparatus  may  tw  perfect 
n^  a  piece  of  mechanism,  so  that  the  succession  of  vibratioos 
from  the  air  without  through  the  drum  and  the  chain  of  bones, 
to  the  fluid  of  the  labyrinth,  is  uninterrupted,  if  the  nerve  of 
hearing  bo  paralyzed,  so  tliat  it  cannot  lie  impressed  with  the 
vibration  of  the  fluid  that  bathes  its  brfinehcD,  there  can  be  no 
hearing.  Partial  deafn(>ss  is  undoubtedly  oflen  owing  to  a 
thickening  of  the  fluid  in  these  pafs-ige",  or  to  a  partial  failure 
of  die  nerve  distributod  in  them. 


Phnei^w  of  iTiiumiiiloo  of  lODDd  obterred  in  llie  urvaganiedl. 

419.  It  will  be  proper  to  say  a  word  here  in  relation  to  the 
choice  of  a.  fluid,  instead  of  a  solid  or  an  aerifonn  Bubstanc<3,  as 
the  medium  through  which  the  impression  of  the  vibration  of 
■ound  is  coTTimnnicated  to  the  nerve.  It  is  better  thaa  a.  solid 
would  be;  so  far  as  we  can  boo,  because  no  arrangement  of  a 
inbrating  solid  with  the  minute  fibres  of  the  branches  of  the 
nerve  could  be  effectual,  and  at  the  same  time  so  little  liable 
to  derangement,  as  the  arrangernpnt  of  nervous  fibres  immersed 
in  n  liquid,  and  the  whole  inclosed  in  solid  walla  of  bone.  It 
is  better  than  air  would  be,  for  at  least  two  reasons.  1st.  The 
TJbrations  of  sound,  as  stated  in  §  400,  are  communicated  with 
much  more  ease  and  rapidity  through  water  than  through  air. 
This  wo  see  to  be  a  consideration  of  some  importance,  when  we 
took  at  the  complicated  and  winding  passages  that  contain  the 
fluid.  2d.  There  is  not  as  much  loss  in  the  force  of  the  vibra- 
tion in  the  transmission  from  the  solid  stirrup-bone  through  the 
membrane  to  the  fluid,  as  there  would  be  if  the  transmission 
were  to  air. 

420.  The  whole  arrangement  in  regard  to  material  we  can 
see  to  be  admirable,  if  examined  in  relation  to  the  known  prin- 
ciples of  the  transmission  of  sound.  We  can  see  the  object  of 
the  chain  of  bones.  If  these  were  left  out  of  the  arrangement 
we  could  hoar,  but  not  bo  well  as  we  do  now.  For  it  has  been 
AseertaiDcd  by  experiment,  that  the  transmission  is  much  more 
perfect  when  the  vibration  passes,  m  in  the  case  of  the  ear, 
through  a  tense  membrane,  then  through  a  chain  of  solid  sub- 
stances, and  from  th«n  through  a  second  membrane  to  the 
fluid,  than  it  is  when  the  chain  of  solid  bodies  is  omitted,  and 
ait  is  made  to  take  their  place.  And  when  the  vibration  has 
arrived  at  the  fluid  in  the  labyrinth,  there  is  a  contrivance  tliero 
for  increasing  its  intensity.  There  are  two  little  chalky  con- 
cretions suspended  in  this 'fluid  by  nervous  fibres.  These  arc 
found  in  all  mammalia,  and  in  fishes  they  are  quite  largo  and 
bard.  This  being  the  case,  it  was  inferred  that  these  bodies 
have  Bome  important  influence  upon  the  Uansmissiou ;  and  it 
has  been  found  by  experiment  that  hard  bodies  thus  situated 
in  a  fluid  increase  the  sonorous  vibrations  in  their  neighborhood. 

421.  You  will  remember  that  there  are  two  openings  into 
tiie  labyrinth,  from  the  c-ivity  of  the  tympanum.  Both  are 
covered  by  membranes,  one  of  which  is  pressed  upon  bj'  the 
Btirrup-bone,  while  the  other  is  free.  It  was  formerly  supposed 
that  the  second  opening  was  absolutely  essential  to  the  vibra- 
tion of  the  fluid  in  the  labyrinth.     For,  as  fluids  are  Jncom- 
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Kudo  at  vibnlim  r.1  On  Bait  in  lli>  nlndlnt  |mh"- 

pn-iffiiblo,  it  vras  iiifi>rriKl  thnt,  as  the  stimip-bono  i 
cnl'>d  iU  vibrntion  to  tlio  meinbrana  of  tlie  finettra  ovalU,  tba 
fluid  in  the  tiibyriiilli  wrmfil  not  vibrut*?,  unlom  there  wna  anotber 
opening  some  wlu^iv,  tlici  nicmhrane  of  wliicb  would  jifid  to 
jtivrmure.  Tiiix,  liowever,  liiu  been  ascerttiini^d  to  be  not  strictlj 
truo.  It  bns  bc<?n  ]irovcd  by  cxporinient  that  a  RonorouR  ribn- 
tion  am  t>i>  tmnsiiilttpd  t1iroiiq;h  a  confined  fluid.  Indeed  \iien 
are  some  niiiiiiiils  in  which  thoBc  is  only  one  opening  into  the 
labyrinth.  Itut,  iiUhoujih  this  iwcoml  opening;  ii  not  eaMntinl  to 
tbi-  vibnitiiin  of  Ibct  lir|iii(l,  it  undoubtedly  makes  that  vibration 
nioro  i>vrft'Ct.  Alt'iiiui;lk  the  Mcond  opening  is  so  near  the 
lirsi,  :n  fwn  in  tlic  cavity  of  tlifl  tfmpaDuin,  (Fig,  148)  yet  in 
relritiuii  Id  tin*  iir.-iingcmr'nt  of  the  wiiidiug  ptueajres  uf  the 
hi1>yj'inth,  a*  you  will  xoon  kc,  it  is  rcidly  i^uite  at  the  other 
end  of  it,  Th<!  viliniliiin  then  may  be  connidered  ns  communi- 
caled  lhruu>;h  it  lon^  tub<.>,  which  hii*  tt  mcmbrano  at  both 
ends.  And  it  i^  obviou.t  thiit  a  vibration  coiimiuuicated  to  the 
iiiembninQ  at  onu  i'ii<],  will  more  readily  move  tlie  fluid  through- 
out all  thi]  tulH-,  fnitn  the  yielding  of  the  inoinbrano  at  the 
other  end.  Tliin  will  Ixs  morn  obvious,  m  I  dewribe  more  par- 
ticulnrlv  the  arranip'nicnt  of  the  passages  in  tJio  labniutfa, 
which  1  will  now  do. 

422.  To  riiir  to  Fig.  151.  the  vestibule  v,  into  which  the 
feneitm  vealifu  ojhiib,  is,  as  before  statod,  a  sort  of  connmon 
entrance  hull  to  all  the  passages  of  the  luliyrinth.  I  have 
spoken  of  the  Hcmi-einrular  canald  x,  '/,  and  t,  that  lead  out 
from  this.  Iliese  iint  giinple  caiialn.  Bh^  tliQ  )jaMagcs  of  the 
cochlea,  it,  are  very  coin|ilicntecl,  and  it  is  this  fiu.t  that  hu 
given  the  naini'  of  labvriuth  to  tbc  whole  of  the  interDii]  ear. 
The  vi-siibulo  o|)i'iis  ii'ilo  the  cochlen  at  itii  biwe.  Now,  the 
eoi-lileu  is  so  ilitidi'il,  that  the  pas-tngu  into  which  tlic  vestibule 
o]ieiis,  runs  iiruund  the  ]<illiir  in  the  middle  of  it  to  iU  top, 
making  junt  two  turns  and  n  half  It  there  ofiens  into  unother 
]i:i«siigi',  wiiii'h  makes  two  turns  and  a  hiilf  Wk  to  the  biisc  of 
the  eoeliliii.  This  {la-^sago  dot«  not  end  in  the  vestibule  where 
the  other  began,  but  it  ends  in  the  round  hole  r,  whie-h  opens 
into  the  cavity  of  the  tvmpanum.  Thin  disjiosition  of  the 
part:!  of  till!  eoi'l lien  maylx)  seen  in  Fig.  I."i2,  whirh  represents 
it  as  opened  to  show  tlic  arrangement  of  the  Wiilts  of  the  two 
winding  giillerics.  The  ]>ilhir  in  the  midille,  around  which 
these  dividing  walls  are  foRlcueil,  expunds  in  the  top  into  what 
is  called  a  cupoln,  where  the  two  spiral  gallrrii-s  communii^ata 
tugeiber.    Witli  thii  de.'«ripti>iii,  yon  e.tn  uuderslanj  in  what 


ilirecliona  the  nbration  is  Iransmitted,  when  it  is  received  froin 
.the  stirrup-bone,  at  the  door  of  the  labyrinth,  by  the  membrane 
whieh  covers  it.  It  travels  one  wny  u])  the  fluid  in  the  three 
Boiai-circular  canals.  It  travels  another  may  through  one  spiral 
gallery  in  the  cochlea  to  the  cupola,  iind  then  down  tlie  other 
spiral  gallery,  reaching  at  length  the  membrane  of  ihe  fenestra  _ 
rotunda,  or  round  window. 

433.  I  will  now  describe  to  you  the  arrangement  of  the 
branches  of  the  nerve  of  hearing  in  these  passages.  The  ar- 
rangement is  different  in  the  vestibule  and  the  semi-circular 
canals  from  what  it  is  in  the  cochJea.  Id  all  the  cavities  of  the 
labyrinth,  there  is  a  thin,  delicate  lining  of  membrane,  tvhich 
seeretes  a  watery  fluid.  In  the  vestibule  and  semi-circular 
cands,  there  is  a  Kecond  membrane.  This  is  sepnrate  from  the 
first  membrane,  and  lies  loose  in  the' cavities.  It  makes  a  cloao 
sac,  and  as  it  extends  &am  the  vestibule  into  the  semi-circular 
canals,  it  is  very  irregular  in  its  form.  This  sac  contains  a  6uid, 
and  the  fluid  secreted  frotn  the  membrane  which  lines  tlie  bone 
bathes  the  outeide  of  the  sao.  Now,  it  ia  on  the  delicate  meitf- 
hraoe  which  forms  this  sac,  that  the  fibres  of  the  nerve  are 
distributed,  so  that  tlicy  may  receive  the  impression  of  the 
vibration  of  the  fluid.  'In  Fig.  153,  is  a  representation  of  this 
sac,  with  the  distribution  of  the  nervo.  At  I,  2,  and  3,  you 
see  the  parts  of  lliis  sac  which  line  the  semi'Circular  canals. 
At  4  is  a  junction  of  two  of  these  canals,  for  what  purpose  we 
know  not.  At  (t,  9,  10,  and  1 1,  aro  seen  the  lermuiatians  of 
branches  of  the  nervo.     At  8  and  13  are  two  of  these  branchea 
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and  at  H  U  tlio  brancb  of  the  iiurvo  wbich  goes  to  be  distrib- 
uted in  the  cocblea.     In  Fij,'.  154  in  rq>rL>sciit^  one  of  tho  parte 


wbere  the  nerve  terminates,  m  at  10  in  Fig.  153,  mudt  more 

highly  mafrnified.  You  see  the  loop-like  termination  of  thu 
nervous  fibrils.  You  can  readily  see  that  every  vibration  of 
the  fluid  would  make  an  impression  upon  these  nervoua  fibrils 
thus  distributed  upon  this  delicate  membrane,  which  has  the 
fluid  upon  both  aides  of  it. 

424.  The  distribution  of  the  nerve  is  after  a  different  man- 
ner in  the  cochlea.  Here  there  ta  no  loose  membrane,  with  the 
nerve  distributed  upon  it,  and  the  fluid  each  side  of  it,  as  in 
the  vestibule  and  the  semi-ciroular  canals.  But  the  nerve  is 
distributed  upon  the  di«'iaion  wall  of  the  galleries  in  a  very 
beautiful  manner.     This  is  represented  in  Fig.  155,  in  which  2 


ia  the  nerve,  and  3,  3,  3,  show  ita  distribution.  These  fibrils 
lie  in  little  channels  in  a  lamina,  or  leaf  of  solid  bone.  But  the 
bone  extends  only  to  4,  4,  and  the  remainder  of  the  division 
wall  is  made  of  membrane,  represented  at  5,  5,  5.  At  7  is  the 
opening  in  the  cupola,  by  which  the  two  spiral  galleries  com- 
municate. At  I  you  have  these  parts  of  the  natural  size.  Wo 
know  not  exactly  how  this  mechanism  works,  but  the  proba- 
bility is,  that  the  nerve  receives  impressions  from  the  vibrations 
of  the  fluid  in  two  ways — directly  from  the  fluid  itself,  and  also 
from  the  vibration  of  the  membrane  to  which  the  extremities 
of  the  nerve  are  attached,  this  membrane  being  shaken  of 
course  by  the  vibrating  fluid. 

43s.  Having  tbns  described  the  parts  of  the  organ  of  heu- 
ing,  I  will  trace  for  you,  with  some  particularity,  uie  steps  of 
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the  process  of  hearing,  oa  it  tnust  occur  ia  the  case  of  evwy 
sound  that  produce^  Uiot  scnsatiun.  Tlie  vibrnting  air  eoters 
tlio  tube  of  tlio  ear,  and,  rcucliing  the  ijrum,  produce*  a  vibra- 
tion there.  This  vibration  is  conimuniiAtcd  to  the  choJs  of 
bones,  which,  aa  Dr.  Paley  very  aptly  says,  like  a  repeating 
lino  of  frigatos  jtass  it  on.  It  is  tmn^nntted  from  the  hut  <^ 
ttiis  cliHiu  of  bouca,  the  sUrnip-boiie,  to  clie  inembranc  covering 
lUv/inesti-a  ovalit,  and  from  this  to  tlie  fluid  coutnined  in  all 
ihi;  iMsaujrc^  of  the  labTrinlh.  Tim  vibration  giie«  through  all 
tliR  seini-i-ircular  c  tioIs  in  one  direction,  And  in  another  up  one 
gullery  of  the  coolilcu,  and  down  the  other.  In  all  these  cari- 
tfGs,  are  eprcnd  out  in  various  vays,  the  filaments  of  the  nerra 
which  receive  the  impression  of  the  vibration.  Tliis  impremon 
is  trniisniitted  from  the  extremities  of  the  nen-e,  throi^rb  iU 
trunk,  lo  the  briiin,  where  the  mind  receives  it.  All  this  to- 
gether constitutes  hearing;  and  all  of  it  occurs  in  the  cose  of 
any  sonnd  which  wo  hear,  liowcver  closely  it  niay  follow  any 
other  sound.. 

420.  Most  of  our  hearing  Li  done  ]>Tecisely  in  the  way 
■  described,  but  not  all.  Wo  sometimea  hear  directly  through 
the  bund  surrounding  llio  labyrintli.  If  you  place  a  wMch 
between  tbo  teeth,  you  hear  the  licking;  and  it  gives  a  very 
different  sound  from  what  it  does  when  held  to  the  car,  be- 
cause the  sonorous  ribration  is  transmitted  directly  through 
the  Kolid  hones  of  tliQ  skull  from  the  teeth.  In  tlie  snme  way 
was  the  sound  trnnsmittcd  in  the  case  of  the  di'af  old  goiitlt.'- 
iimn,  (§  40D)  who  heard  his  d»ught«.'r's  music  through  tho 
stem  of  his  pipe,  as  ho  rested  the  b"wl  of  it  on  tho  ]iiiuio. 
The  fhct  thus  illustrati-d  is  ofti.<n  made  u:>g  of  by  pliytioians,  in 
detecting  the  n.tture  of  the  ditfieulty  in  cases  of  deafness^  Tliuii, 
if  a  watch  held  between  the  teeth  communicate  a  very  distinct 
an<l  loud  sound  to  tho  car,  wc  infer  timt  the  internal  ear  is  in  a 
good  condition,  and  that  the  diOiculty  ia  in  some  of  tho  other 
parts  Connected  with  it,  the  drun),  or  the  cavity  of  tho  tym- 
panum, or  tho  Eustachian  tube. 

42".  I  have  described  the  apparatus  of  hearing  as  we  find  it 
m  man.  But  it  varios  in  dilfcront  animals,  according  to  tha 
circumatances  in  which  they  are  placed,  and  their  necessities. 
Animals  that  live  in  water  of  course  have  a  diffiirent  appa- 
ratus of  hearing  from  those  tluit  live  in  air.  In  most  fishes  tba 
semi-circular  canals  exist,  but  there  is  noihiug  like  a  cochlea. 
Aa  sounds  are  transmitted  so  easily  throui^h  water,  (§  410,) 
fishes  have  no  need  of  so  complicated  and  perf>»t  an  apparatn* 


rinf  la  Dtber  animftli.    OdIj  m  p«rt  of  Uw  pnc»  of  1h 


ftt  aniiDdla  that  live  in  lur.  They  are  litted  to  hour  iD  their  own 
eleineat,  and  probably  the  moment  that  a  &b  is  taken  out  of 
the  water  he  beiramea  quit«  deaf,  because  his  hearing  apparatus 
ia  eo  poorly  fitted  to  receive  and  transmit  vibrations  from  the 
ur.  But  in  many  animals  that  live  in  air  the  ear  differs  from 
that  of  man  in  its  Hrrangementa.  The  cochlea  in  birds  is  nearly 
straight  instfead  of  being  spirsl.  Such  facts  lead  to  the  infer- 
ence, that  the  peculiitr  arrangements  in  the  hearing  apparatus 
of  man  have  regard,  not  merely  to  the  medium  in  which  he  is 
placed,  but  to  peculiar  uses  which  are  necessary  in  his  case,  as 
the  determinalJon  of  tlie  direction  of  sound,  the  appreciation 
of  itf>  pitfh  and  its  character,  the  power  of  hearing  very  digbt 
sounds,  &c.  The  simplest  form  of  apparatus  found  in  animals, 
is  a  cavity  excavated  in  bone,  with  a  fluid  shut  in  it  by  a  mem- 
brane, and  nervous  filaments  distributed  so  a'i  to  bo  impressed 
by  the  vibrations  of  the  fluid.  And  this  is  all  that  ia  absolutely 
essential  to  heariug. 

428.  Many  speculations  have  been  broached  in  regard  to  the 
■pecial  offices  of  particular  parts  of  the  labyrinth.  Thus,  it  has 
been  supposed  that  the  semi -circular  canals  have  an  agency  in 
informing  us  of  the  direction  of  sounds ;  for  it  is  observed  that 
they  are  always  arranged  in  the  same  relative  angle  to  each 
other.  It  has  been  supposed  also,  that  the  cochlea  gives  us  the 
idea  of  the  note  of  sounds,  because  it  is  nitticcd  that  the  devel- 
opment of  this  part  in  different  animals  is  in  proportion  to  the 
variety  of  uote  which  they  produce.  These  suppositions,  though 
quite  probable,  require  farther  investigation  in  comparative  anat- 
omy to  test  their  truth. 

429.  In  the  process  that  makes  up  the  sensation  of  hearing, 
there  i^  one  part  which  we.  can  in  some  mcasnre  understand, 
and  to  which  we  can  apply  the  known  principles  which  govern 
the  transmission  of  sonorous  vibrations.  But  tliere  is  another 
part,  that  which  links  the  process  to  the  immaterial  mind,  that 
we  cannot  understand.  We  can  trace  the  vibra^on  received 
from  the  air  through  the  several  parts  to  the  fluid  in  the  laby- 
rinth, but  here  we  come  to  a  stand  in  our  knowledge.  The 
vibrntiun  stops  here,  and  what  is  transmitted  throcigh  the  nerve 
to  the  mind  we  know  not.  We  call  it  an  impression;  but  this 
is  only  an  indefinite  word,  implying  simply  that  something  is 
transmitted,  without  defining  what  it  is.  Neither  do  we  know 
how  the  traosmissioD  to  made.  AH  that  we  do  know  is,  that 
the  nerve  to  easenlinl  to  the  completion  of  the  leniation  of  hear- 
ing, and  that  it  spreads  out  its  minute  fibrils  or  tubuli  in  th« 


286  HUMAX  PHYSIOLOGY. 

halb  of  audience,  in  order  lo  receive  imprcssionB  from  the  vi- 
brations tliat  conio  there,  and  transmit  tliem  to  the  hrain  where 
the  miud  takes  ci^iianco  of  tliom.  E»ery  part  of  the  app&- 
Tatus  m&y  bo  mcchzLnicnIly  perfect,  M  tliftt  the  vibrations 
may  bo  tmutuiiittetl  to  the  fluid  nliich  bathes  the  nerAoua 
fibrila,  but  if  the  nene  bo  parah'zed,  or  if  the  communication 
lit-tw-iH;n  its  extreme  fibrila  ami  tlie  brain  be  in  any  way  inter- 
Tupted,  the  mind  known  uolliing  of  the  vibration,  and  there  is 
no  liKaring. 

430.  The  eye  hatt  generally  been  spoken  of  as  being  mora 
wonderful  tlian  any  oiIkt  organ  in  the  body,  in  view  alike  of 
the  dL-licacy,  the  beauty,  and  the  complication  of  its  structure. 
Ttut  the  ajijiamtus  of  hearing  ]>resents  a  combination  of  these 
qualities  ignite  an  wonderful.  Tliere  is  nothing  more  delicate, 
and  beautilul,  and  complicated  tliati  tlie  arrangement  of  the 
nervouA  fibrils  in  the  winding  labyvinthic  pasKigts  of  the  halls 
of  nuilience.  And  as  we  trace  the  i^teps  of  the  proctvs  of 
lunuiDg,  from  Hio  drum  of  the  cur  whero  t)iu  suuud  strikes,  to 
the  gray  substance  of  the  bruin  where  the  mind  receives  the 
impn.'ssioti,  and  think  of  each  sound  as  »euOing  a  vibniUpn 
through  membranes  and  a  chain  of  bones  lo  the  fluid  iu  which 
the  ner\-oHs  fibrils  aru  innnetik-d,  and  of  these  fibrils  as  catchiiw 
from  every  vibration  of  the  fluiil  u  definite  imjiressiou  and 
Iranitmittiiig  it  to  the  mind,  we  sec  a  mingling  of  the  pundy 
mechanical  with  tlie'  spiritual,  which  greatly  enhances  our  ad- 
iniruliou  of  the  mcidianisnu.  Though  the  apparatus  is  compli- 
cutAxI,  the  mechanical  result  is  a  uinplo  one — it  is  a  meru 
trembling  of  a  fluid  inclowd  in  wimling  t^ivitii's  of  bone.  But 
Bimplu  m  the  result  is,  it  is  m.^de,  through  t)i»  l>eautiful  nervous 
eoDn<-ctioiis  of  the  ear  with  the  brain,  one  of  the  chief  inlets  of 
kiiiiwleilgi!  to  the  mind,  coming  to  it  from  nature's  multitudinous 
viiiees,  nnd  is  a  constant  luodium  of  cuiimiunication  for  thought 
and  feehug  between  man  and  man.  11ius  httin)at4.-ly  in  the 
humiiii  body  aru  the  simplest  mechanical  results  connected  with 
the  complicated  and  diversified  oiierations  of  the  mind.  In  the 
prueest  of  hearing  the  drum  of  the  car  is  to  be  considered  one 
end  uf  the  uppuratns,  and  the  gray  j>ortiou  of  tlie  brain  the 
oilier.  The  drum  simply  vibrates;  and  instantaneously  the 
miud  receives  a  distinct  imiiression  from  the  vesicles  of  the  graj 
matter.  And  tlius  is  the  communication  eslablislied  butween 
the  immaterial  mind,  and  the  vibrations  of  tlie  maturiiiJ  sub- 
Gtanccfl  with  which  it  is  surrounded. 
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431.  Tbe  Bonsation  of  sight  in  the  result  of  a  compouix] 
process,  which  may  bo  divided  into  two  distinct  pnrts,  as  I  re- 
marked in  relation  to  the  Beusation  of  hearing,  in  §  429.  The 
one  part  is  purely  mechanicul,  and  the  apparatus  tor  it  is  con- 
structed according  to  the  common  principles,  which  we  find 
illustrated  in  optical  instrumeiita.  The  ohject  of  its  arrangc- 
monts  is  to  form  distinct  images  of  objecls  in  the  back  part  of 
the  eye.  The  other  part  of  the  process  is  executed  by  tbe  nerve 
of  Tision,  called  the  optic  nerve.  This  nerve,  expanded  upon 
the  membrane  where  the  images  are  formed,  transmits  impres- 
sions from  these  images  to  the  brain,  just  as  the  nerve  of  hearing 
transmits  to  the  brain  the  impressions  which  come  from  the 
vibration  of  tbe  fluid  of  tbe  labyrinth. 

Before  proceeding  to  an  examination  of  the  eye  as  an  optical 
instrument,  I  will  call  your  attention  to  <:ertaiu  principles,  wliich 
VQ  shall  find  illustrated  more  beautifully  and  perfectly  in  the 
eye  than  in  any  optical  instrument  which  man  has  ever  con- 
■tructed. 

4.32.  Tbe  rays  of  light  coming  from  any  luminous  point  go 
in  straigbt  lines  in  all  directions,  just  as  the  vibrations  of  sound 
do,  and,  like  them,  become  less  intense  the  farther  they  are 
diffused.  But  they  move  in  straight  lines  only  so  long  as  they 
remain  in  the  same  medium.  A\  hen  they  pass  from  one  me- 
dium into  another  they  are  bent  out  of  tlieir  straight  course, 
or  refracted,  as  it  is  tc-rmed,  unless  they  pass  from  one  to  the 
other  in  lines  perpendicular  to  the 
surface  of  the  medium  which  they 
enter.  This  may  be  illustrated  by 
the  following  experiment.  Place 
a  coin,  a,  in  Qie  iMttom  of  a  basin, 
as  represented  in  Fig.  156,  and  then 
withdraw  from  it  so  tar  that  the 
coin  may  be  hidden  from  your  eye 


by  tlie  edge  of  the  basin,  as  repre- 
sented in  uie  igan.  Keeping  your 
eye  fixed  in  that  poaiticm,  pouf  some 
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wutiT  into  tlw!  biuiii  ti])  tu  tliii  Icvol,  c.  The  coiu  will  again 
WiTJiiiu  \m\>\<i  to  yimr  t-vu.  Tliu  rcn^oii  i»,  thut  tlie  niya  of 
lij^hl,  HS  tlu-y  couiu  from  tlic  wnti.-r  iuto  Uio  rarer  inodiuin,  tb« 
air,  are  Tofmi'ti.-il  or  Iwnt  Uowuwanis,  thut  i*  from  the  pt-rpcn- 
(liculur.  The  efivct  of  this  mnj  be  wnai  in  the  li^re.  A  tsy 
of  hght,  cuniiug  from  the  coin  in  the  direction  o,  d,  docs  not 
piiHS  to  (i,  hut  li  bcTit  (lownwunl,  anU  m>  [Msses  to  the  eye  at 
e.  And  *t  of  other  kivh  eomiiig  from  tlie  ohJMt.  The  coio, 
thcTL-ture,  is  8ii;n  by  the  eyw  at  e,  Init  it  i*  not  iwn  in  its  true 
dircctionfronitlie  eye  which  U  in  the  lincf,  r,  a.  The  only  point 
iu  which  tlie  eye  cuu  Rve  the  troin  in  iln  true  pudition  is  vhen 
I  the  ej-o  i«  at  b,  in  a  prpi-iidiuulnr  liuc  directly  ovtr  it.  A  ray 
tluit  ]kUKt<'s  from  one  luediuiii  to  auother  iu  a  line  pi.-q>endicular 
to  the  Ruriai^u  of  tlie  meiliuin  into  which  it  pasiseB  is  not  bent 
out  of  it«  course.  All  other  rnvit  ai'e,  and  tlie  wore  ao  the 
^irthcr  Uiev  Art^  fniui  the  jx-riteiidioular. 

433.  AVliile  ravH  that  imi«s  fwui  n  dense  me«ltum  into  a 
rarer,  as  from  w«ter  into  air.  are  Ix'iit  ffom  tlie  perpendicular, 
those  on  the  other  hand,  whivh  j^aw  from  a  rarer  medium  into 
a  deii8<-r,  as  fruiti  air  intii  water,  ant  lient  Inwards  the  perpendic- 
ular. ThuH  if  in  Fi^'.  ISU  n  lie  the  iHwition  of  the  eye  of  a 
fish,  and  wll^-^".  the  eye  is.  at  e,  there  tw  an  insi-ct,  the  ttali  can 
Me  it,  lH.-uiUHe  the  niy  th.-it  Htrikes  the  Rnrfaie  of  the  water,  e, 
is  refracted  or  Iwnt  towanlx  the  ]H>r|ieiiilii'iihir  line,  b,  a.  And 
so  of  other  rays.  [le  Cun»  not  seit  tlii>  iui^i't,  however,  in  its 
true  diret^iiiii,  a,  e,  e,  hut  ii  up]ienri<  tu  him  to  be  at  d.  For  ve 
always  judge  of  the  phu;e  of  an  object  by  the  direction  in 
wliidi  the  rays  from  it  strike  the  eye. 

484.  AVIieii  ligltt  |<ai»eti  from  one  nicdium  itilo  another  which 
pres<)iiti4  a  coiiveK  or  concave  Hurfm-e,  insteail  of  a  Ihit  one,  a 
very  gn-at  chnnf^-  \a  produced  in  the  direi^tion  of  its  rays. 
TliiiH  su)>|M>Ki>,  as  reprci^ntiil  in  Fig.  157,  three  diverj^ing  rays 
couiiug  from  a  point,  a,  tln'oiigii  tlie  air,  i'iit«r  a  eonmx  surfii^ 
of  glaw,  b,  b'.  The  evntr.'il  ray  a,  c  enters  the  gla«8  in  a  direo- 
(ioii  jH-r|H>udicular  to  its  su^flll^e.  and  therefiire  iloes  not  bend 
from  its  course.  But  thi^  r.av  «,  d  enters  verj'  oblifjuely,  and  is 
Iwnt  towards  llio  per]iendicu1ar  at  tliat  point,  c,  and  passes  on 
in  the  direi^ion  /  So  likewiso  the  ray,  a,(/,  is  hent  towuib 
the  [A'rp«:ndiciil.ir  h,  and  ]>aaseB  on  in  the  line  i.  These  raya 
diverging  iu  the  air  have  become  eouvergitig  in  tl)e  glass,  and 
the  point  at  which  they  meet  is  called  thc/ocuf.  To  this  point 
all  ttio  other  rays  euCering  the  conix'x  gloss  converge  also. 

435.  But  if  the  suriace  of  the  gla«s  ^  cmeavt,  as  lepniaetiled 
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in  Fig.  168,  tlie  diverg^g  rays  which  enter  it  will  be  made  to 
diverge  still  more.  The  ray,  a,  e,  being  perpendicular  to  the  eur- 
&ce  ia  unchanged  in  its  course ;  but  the  ray,  a,  d,  is  bent  towards 
the  perpeDdicular,  e,  into  the  line  /,  and  the  raj,  a,  j,  is  Itent  to- 
wards uie  perpendicular  h  into  the  line  i.     In  the  case  of  both 


the  concave  and  the  convex  lena,  the  greater  the  curvature,  the 
greater  is  the  change  of  direction  in  the  rays.  The  greater  the 
cnrvature,  therefore,  the  sooner  are  the  rays  brou^t  to  a  focua 
in  the  case  of  the  convex  lens. 

There  ara  other  optical  principles  illustrated,  in  the  apparatus 
of  vision,  that  will  be  brought  out  in  the  deectiptlon  of  the 
eye,  which  I  will  now  proceed  to  give. 

436.  The  arrangement  of  the  different  parts  of  the  eye  yon 
can  under«tand  by  Fig.  IfiS,  whidi  is  a  mere  map  of  a  section 
of  the  eye,  through  iti  middle  part  from  front  to  rear.  It  is 
intended  merely  to  rt^tresent  the  arrangement  of  the  parti  dis- 
tinctly, without  strict  regard  to  poportion.    T^e  ey«  has  thrcd 
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eoalx,  OH  tlifv  are  ciilltil.  At  a  is  the  tltkk  strong  whit«i  coat, 
cnlltd  llic  nrlerntic  ciiit,  frmu  n  Oracle  wnrd  nieantng  Aartf, 
This,  wliicli  is  eoniinoiily  i-iillyil  tlin  wfiitc  of  the  eye,  gives  to 
the  eyeball  its  firmness.  Iiitu  it  t\v\  comra,  f,  filn,  like'a  WKtch- 
{^nw'iiito itni^BAO.  The  sclerotic  nnd  eornea  then  iimke on«  co«t 
■if  ihe  eytt,  the  outer  one.  Kcxt  ciiinm  the  choroid  coat,  b.  Thia 
in  n  ver}'  vnxciilar  cont,  cntilaiitiii;;  thu  iiiiiiuto  bninchi;*  of  blood 
vewn'U  which  iinuriith  other  parts  of  the  eye.  It  is  of  a  dark 
c^ilor,  fi>T  reaHiuH  which  1  will  state  ii)  aimtlier  place.  Its  color 
is  owiiijj  to  coliirifl;,' iiinttiT  coutaiiieil  in  pi^^ient  c>^11r,  which 
lie  along  on  the  iiitier  furface  of  this  cunt,  next  to  the  inner 
cont  of  the  <'ye,  the  retina,  r.  The  retina  is  n  thin  niembrane, 
bcltig  princiiuilly  (.iiiii]>u!iej  of  tlie  cx|KiHMon  of  the  optic  nerve, 
d.  The  eye  has  tUr<H!  humor*,  as  they  arc  ternieJ.  The  first 
u  the  agueoiu  or  waterA-  humor,/,  which  ia  in  a  chamber  be- 
tween the  transtiiin-Tit  eonica,  e,  and  the  eryitalline  humor,  or 
lens,  h.  Tliis  cliuml>er  \ii  iliviUtxl  into  two  jiaria  by  the  iris,  g, 
g,  the  pupil  being  thu  circular  coininiuiicating  door  between 
them.  The  pnrt  of  the  chanilK'r  whieh  is  in  front  of  the  ira 
is  much  larger  than  thut  which  is  behiud  it.  The  cTjBtaltiite 
humor,  or  Itut,  as  it  is  more  often  called,  has  the  con&i«t«nc5 
of  half  dissolved  glue.  At  i  is  tlie  vititotti  humor.  Riling  op 
a  large  part  of  the  cavity  of  the  eye.  It  is  called  \'itreous  from 
ita  giassy  appearance.  It  is  a  cleiir,  jelly-like  subHtance,  having 
alxnit  the  tenacity  of  white  of  egg.     It  ii  contained  in  an  ex- 
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ceatingly  thin  an<l  (k'licat«  sac,  and  this  ig  divided  into  celle 
irhich  contain  tliu  li<]uid. 

437.  Fig.  ISO  in  a  mnp  of  the  front  pnrt  of  the  eye,  in  which 
tlie  parlH  are  more  minutely  delineate  than  in  Fig  150.     At  2 
is  tuo  Bcltsrotic  cont;  3,  tho  cor- 
nea; i,  the  crystalline  lens ;  a,  a,  fig,  loo. 

a,  the  uqueonn  humor;  7,  7,  the 
iris;  4,  the  choroid  coat;  8,  the 
retina;  e,  e,  the  vitreous  humor, 
and  0,  the  xac  containing  it 
Around  the  inside  of  the  cunm- 
bcr  eontaiiiiiig  the  oqucuuB  hu- 
mor is  a  very  thin  membrane, 
(represented  aa  you  see  by  a  line,) 
which  secretes  the  humor.  In 
this  membrane,  an  in  the  cnne  of 
every  other  uloseil  eaa  in  the  Uxly, 
there  are  both  exhaleuts  and  ui- 
sorbentx,  so  that  the  fitiid  may  be 
cliaiiged  as  necesAitr  rcijuiri's, 
Tliere  is  another  thin"  mcmUrane 
of  the  eye  which  I  have  not  yet 
descrilved.  It  is  ri'presented  by  a 
linn,  1,  in  the  tigure.  It  is  the 
eon^unctiua,  bo  called  because  it 
unites  or  conjoin*  the  ball  of  the 
eye  with  the  evi-lids.     It  covers 

the  coniea,  pM^e*  back  a  little  way  on  the  white  of  the  eye, 
and  then  turns  forward  to  line  tlie  eyelid.  It  Js  the  seat  of  the 
most  common  form  of  inflammation  in  the  eye.  It  is  very  vas- 
cular, tiA  is  shown  by  its  distended  vessels  when  it  is  inflamed. 
It  is  exceedingly  sensitive,  and  hence  the  great  pain  which  is 
occasioned  by  any  thing,  even  the  smallest  mole,  that  gels  into 
tlie  eye.  The  object  of  having  it  so  sensitive  I  have  spoken 
of  in  the  Chanter  on  the  Nervous  System,  g  242. 

438.  At  6  iQ  Fig.  100,  is  one  of  tiie  ciliarif  processes,  as  tb^ 
are  called,  from  their  rc-scmblance  to  the  eyelashes.  There  is  a 
drculsr  row  of  them,  numlM'ring  fi«m  sixty  to  eighty,  so  ar- 
ranged AS  to  resemble  the  disk  of  a  radiated  flower.  In  IHg. 
161  they  are  represented  as  they  appear  in  looking  at  them 
from  behind,  the  back  part  of  the  eye  being  removed.  At  1 
is  tlie  divided  edge  of  the  tlirce  coats ;  2,  the  pupil ;  8,  tlie  ilia ; 
4,  the  <nlui7  proceMes.    At  6  is  tbe  antcnor  edge  of  the  retina, 
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which  stops  at  the  ticginiiing  of  theno  processes,  prMenting',  a* 
you  see,  h  softllojU'il  !i]>|waraiicc.  Tlie  procCBsee,  however,  do 
not  arise  from  the  reliu*,  but  come  from  the  clioroid  coat,  imd 
arc  united  at  their  orif^ii  by  a  riiip;  of  ligamentouH  substance 
to  the  sclerotic  eoat.  The  eiHct  operation  of  this  bcautiftil 
amiDgement  is  not  known,  but  it  is  pretty  veil  ascertaiued, 
that  muscular  fibres  are  so  connected  with  thcae  procesees,  that 
wliun  they  contract  they  draw  tlie  crj'stallino  lens  forward. 
This,  as  you  will  si'u  in  another  part  of  this  chapter,  is  a  very 
important  movement  iu  tim  adaptation  of  the  eye  to  aoeing  «t 
different  distancea. 

439.  The  abject  of  all  this  apjtaratus,  which  I  have  de- 
Bl^HI:led,  is  to  have  images  of  objeebt  formed  in  the  back  part 
of  t}ie  oyo  upon  the  retina,  ku  that  tlie  optic  nerve  expanded 
there  may  caitj-  iuipn-NsionH  from  them  to  tiie  brain.  This  is 
done  in  this  way.  Tlic  rays  of  light  coming  from  an  object 
pass  tlirougli  first  the  cornea,  then  the  aqueous  humor,  then 
the  crystalline  lens,  and  lastly  the  vitreous  humor  to  the  retina, 
where  they,  so  to  speak,  da^erreotype  tbe  object.  The  fact 
that  sucli  an  image  is  formed  has  bi>eu  ol^n  proved  by  obaer- 
vation  on  the  eyes  of  animals.  If  tbe  eye  of  a  rabbit  be 
cleansed  from  the  fat  and  muscles  at  its  back  part,  and  a  candle, 
be  held  \a  front  of  it,  you  can  see  the  image  of  the  candle 
through  the  sclerotic  coat,  formed  upon  tlie  retiutL  So  if  yon 
tika  ttie  «je  cf  an  ox,  and  carefully  pare  off  tbe  back  part,  ao 


aa  to  leave  it  veiy  tbln,  a  diatinct  image  of  sn^  thing  placed  in 
front  of  the  eye  may  bo  seea  at  the  back  part  The  image 
however  will  be  inverted,  as  represented  in  Fig.  162.     For  t£e 


sake  of  clearness  two  rays  only  are  repreaentAd  as  coming  from 
each  of  the  two  ends  of  the  object,  a,  e.  These  rays  cross  each 
other  in  the  middle  T>f  the  eye,  those  from  a  being  brought  to 
a  focus  at  b,  and  those  from  e  at  d.  As  all  the  other  rays, 
coming  from  other  points  in  the  object,  are  refract«d  in  Uie 
same  manner,  a  complete  inverted  picture  of  it  is  thua  formed. 
The  same  thing  is  seen  in  tlie  instrument  called  the  eamrra  ob- 
Kara.  If  light  be  let  into  a  darkened  room  through  a  small 
aperture  in  a  window  si'utter,  an  inverted  picture  of  objecta 
without  can  be  seen  on  a  screen,  aa  represented  in  Flf;.  148. 


■ 


A 


This  experiment,  which  can  be  performed  by  any  one,  illustrates 
in  a  rade  way  the  prinmple  of  the  camera  obacara.  The  real 
inatmment  baa  a  tube  with  adouble  convei  lena,  so  as  to  collect 
together  the  rays  from  objects,  and  concentrate  them  upon  a 
small  space,  thereby  making  a  very  distinct  small  imagO  of 
them.  The  eye  is  a  very  beautiful  and  perfect  instmment  of 
tins  sort.  The  space  filled  by  the  vitreous  hnmor  is  the  daik- 
«ned  room;  the  pnpil  answen  to  the  hole  m  the'^Aidow  ahnt 
26* 
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ter,  or  tbu  tiilxj  vf  tUv  more  perfectly  constructed  cwnera ;  tlu 
crrKtalline  liuinor  i«  tliu  Ions;  and  tli«  retina  is  the  screen  on 
wfii<Oi  llfu  iiniif^-H  nru  fiinnt-d. 

We  will  now  :itlvn't  to  tlic  agency  whicli  the  different  parts 
liavi!  in  jinHluciii};  llio  raiult,  for  nliicb  tlic  sppftmtuB  is  con- 
stnii'tul.  oluMTviii;!  tlip  iR-rfcct  lulsptatiun  of  each  of  them  to 
the  pimii'ulnr  jmrt  wliich  it  iwrformB  iu  the  proceu. 

4'IU.  TIiL'  oriii'.i,  n»  it  lets  in  tho  lijflit,  requiR.>fl  to  be  trans- 
l>iiri-i]t,  :iii<l,  tn  it  iit  VI.-T}-  much  expoM-<l  to  injurj-,  it  also  re- 
i|iiiri-H  l<i  1u!  vi'ry  tinii  and  iinrd.  Both  of  tlicse  objects  nre 
n.i-iintl  in  iiii  iiiliiiiriil'lu  iiiimner.  Its  transparency  is  secured 
in  tliis  wiiy.  It  if  iiinilu  of  dilferent  layers,  which  are  kept 
moist  by  n  tlclicntc  tr!iiu<[>iiri-nt  fluid.  It  is  this  which  in  health 
mnki.li  th(t  ir}'0  m  cl<-)ir  niid  sparkling'.  Discnse  often  so  lessens 
it,  as  to  giv<?  this  wimli'W  of  the  eye  h  ilull  appt'arance.  The 
conicn  is,  an  you  »-(■  by  Ki^.  160,  more  convex  than  the  sclerotic 
t-oat,  wo  thiit  it  limy  iict  with  some  power  oa  a  lens  in  making 
tht-  nivH  e..nv,Tfr".' 

441.  The  iriK  i:*  a  circular  ciirlnin  with  n  round  opening  in 
its  i-i'iitn',  till-  ]>iipil,  which  can  t<c  vcriei:!  in  siic  to  a  consuler- 
abh-  dcfiri'i'.  '  >ii  tbe  irin  ilcjM-ndit  A'h.it  is  called  the  color  of 
the  eye,  wliidi  is  viirioiis,  jis  blue,  ncarlv  bluck,  grey,  haiel,  ifec 
Tlic  color  is  iiw-iiiir  ii>  tlif  ]>i;rii)''iil  wliidi  is  in  c-ells  on  its  inner 
snri'ii'v.  The  cliici'  nflji'i'  ul'  ihe  iris  i»  to  rciriilate  the  quantity 
of  li^'ht  tliut  cnt<T>  fill-  <-ye.  Wlxii  the  %lit  is  obscure  tlie 
o|H'iiinp;  in  tlie  im  is  widcfv  dilated ;  liul  when  there  is  much 
liylit  it  is  coiilnic'led  ;  and  if  tbe  lijrlil  l)e  escesMTC,  it  is  con- 
triii'ti'd  altiiiict  b)  »  point.  Itn  motioiiH,  thi.'reforc,  considering 
uifr  its  snidll  exlenl,  havi!  a  very  wiilu  ranf^e.  Vou  can  realize  . 
ihin  if  you  look  at  tin-  eye  of  some  nim  in  a  dim  light,  and  tlien 
suildi-iily  briiif;  n  lighlt-d  camlle  very  near  to  it.  TbtiEse  motions 
are  etTo-teil  by  a  jH'Ciiliar  arrangement  of  muscular  fibres,  of 
whii'h  the  iris  is  in  part  composol.  Tln^ro  nre 
two  sets  of  fibn■^  the  circular  and  nidiati-.l,  iis  fig.  ist. 
n-pn'Nnlol  in  Fig.  I(i4.  When  tliu  ein^ular 
,  fibres  contract,  tlie  pupil  iscontriicled ;  and  when, 
on  the  other  hand,  the  radiated  fibres  contract, 
the  pu[iil  is  dilated.  There  must  be  a  verj'  nic« 
•  adjnstmirut  uf  tlie  fib^e^  to  enable  llicm  to  di- 
late tlie  puiiil  as  widely  as  they  s<)itietim<.-fl  do, 
without  producing  any  puckering  of  t!ie  surface  of 
the  iris.  The  ojietilng  in  the  iris  is  always  round  iu  man ;  but 
1b  whose  range  of  Tision  requires  to  extend  widely  io 
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a  horizontal  Jirectioii,  (hs  the  herbivorous  animals,)  it  is  in  ihi 
form  of  an  tllipsQ,  with  the  long  diameter  horizontal.  In  nni- 
tnals,  on  the  other  hand,  that  leap  up  and  down  in  pursuit  of 
their  GxhI,  as  the  cat  and  other  carnivorous  animals  that  seek 
their  prey  in  the  same  manner,  the  pupil  has  the  elliptical 
form,  but  with  the  long  Jiameter  vertical. 

442.  The  crystalline  lens  is  the  chief  agent  in  the  eye  in  con- 
centrating the  raya  of  light  by  refraction.     In  Fig. 
105  you  have  a  side  viuw  of  it     Its  anlerior  part, 
1,  IB  JeM  convex  than  its  posterior,  2.     In  Fig.  166 
is  a  magnified  view  of  the  lens  hardened  in  spirit 
and  cut  open,  so  as  to  show  the  different  lavera  of 
which  it  is  formed.     The  layers  are  more  anil  more 
hard  as  you  go  towards  the  centre. 
this  arrangement  and  of  tbo  peculiai 
leas,  is    not   as  jet    understood. 
This  lena  is  the  seat  of  the  diaease 
called   cotaract      In   this   disease 
the  lens  becomes  opake  so  as  to 
prevent  the  rays  of  hght  from  pass- 
ing to  the  retina.     There  are  tlireo 
wayaof  gi-ttiagrid  of  the  difGculty. 
One  is  to  introduce  an  instmnietit 
shaped  like  a  needle  into  the  side 
of  the  eyeball,  with  which  the  opake 
lens  is  pushed  off  one  side  in  t!io 
vitreous  humor,  so  aa  to  bo  out  of 
the  way  of  the  rays  of  light.     An- 
other is  to  break  up  the  lens  with  tlie  needle,  bo  that  its  fng- 
menia  may  be  absorbed.     The  third  method  is  to  make  an 
opening  in  the  comca,  and  to  extract  the  Ions  through  iL 

443.  The  choroid  coat  (6,  Fig.  150)  contains  quite  a  large 
sharo  of  the  minute  bloodvessels,  and  nerves  of  tne  eye,  and 
serves  for  a  medium  by  which  they  pass  to  other  parts  of  this 
organ.  But  it  serves  another  important  purpose  by  means  of 
its  dark  pi^^menL  It  makes  a  dark  chamber  of  the  back  pari 
of  the  eye  where  the  optic  nerve  is  expanded.  The  object  of 
this  is  to  secure  distinctness  in  the  images  formed  npon  the 
retina.  If  the  choroid  coat  wore  of  a  light  color,  there  would  bo  • 
so  much  reflection  of  the  rays  of  light  back  and  forth  in  all 
directions  in  the  eye,  that  the  pictures  formed  upon  the  retina 
would  be  confiued.  There  would  be  a  g^ara  of  light,  snoh  aa 
w«  experi«nce  in  a  room  when  tha  walla  are  all  OM  rtrj  liglil 
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Want  of  pigineiit  in  the  rhuroid  of  the  albino.    Tht  ratinm. 


color.  There  is  the  same  nrason  for  Imving  the  chamber  of 
the  eye  of  a  dark  color,  as  fur  having  tliat  of  the  camera  ob- 
Bcura  so.  In  the  albino  tiiore  is  a  deficioncy  of  the  pigment  of 
the  choroid ;  and,  tlKTcforo,  in  a  bright  light  there  is  in  his  cam 
a  defect  of  vision,  from  tiic  cross  reflection  to  which  I  havt 
alluded.  During  the  d:iy  his  xHsioD  is  ver}'  indistinct ;  and  it  is 
only  when  twiligiit  appears  that  he  can  see  well,  or  with  com- 
fort The  pigment  is  also  deficient  in  tiie  iris  of  the  albino; 
and  the  bright  red  or  pinky  liue  of  the  iris  in  his  case  is  owing 
to  the  blood  in  the  minute  bloodvessels,  with  which  this  part 
is  so  well  supplied.  Those  animals  that  use  their  eves  mostly 
in  dayhght  have  the  ]»igmi'nt  of  the  choroid  of  the  darkest 
color;  while,  on  the  other  hand,  those  that  need  to  see  most 
clearly  at  nighty  as  the  owl,  either  have  none  of  this  pigment, 
or  have  it  of  a  very  light  (rolor. 

44  4.  nio  retina  is  a  sot^  greyish  d<*licate  membrane,  formed 
chietly  of  the  ex]>aiision  i»f  the  optic  nerve.  Here  the  imag(*s 
are  formed,  and  the  minute  fibres  of  nerve  in  this  membrane 
receive  impressions  from  tlifse  images,  which  are  transmitted  to 
the  brain  by  the  trunk  of  the  nerve.  This  nerve  has  the  same 
relation  to  light  that  the  n<*rve  of  hearing  has  to  sound,  the 
nerve  of  smell  to  odors,  or  the  nerve  of  touch  to  the  qualities 
of  bodie*  that  we  feel.  And  it  is  curious  to  obser\'e  that  the 
termination  of  the  nerve  of  si^rht  on  ihti  surface  of  the  nitina 
is  arranged  m  2^pillte,  just  as  the  terminations  of  the  nerves 
of  touch  are.  Tn  Fig.  1G7  is  represent«'d 
a  portion  of  the  retina  (►f  a  frog  magni- 
fied three  hundred  tiuKs.  The  upper 
rows  of  papillje,  which  are  without  dots, 
are  seen  sideways. 

445.  Tlie  sup<?riority  of  the  eye,  as  an 
optical  instrument,  is  s«*en  in  a  striking 
manner  in  several  ]mrtirulars,  in  which 
dilHeulties  and  defects  to  which  all  oj)ti- 

cal  instruments  are  liable  are  removed.     There  is,  for  exam])lo, 
a  defect  in  the  opTation  of  lenses  in  optical  instruments,  which 


FIG.  167. 


focus  much  nearer,  at  /.  It  wju*  found  by  exiK-riment,  that  if  the 
central  portion  of  the  lens  l>e  covere<l,  so  that  the  rays  R',  R" 
W'j  cannot  pass,  a  distinct  imago  will  be  formed  on  a  screen 


BpbvTleal  and  ehromtia  nh 


put  at  /.  And,  on  the  other  hand,  if  the  outer  portion  of  the 
leas  be  covered,  so  that  the  out«r  rays  are  intercepted,  then  the 
middle  rays,  R'  R"  R'"  will  form  an  imnge  on  a  screen  at  F. 
But  if  the  whole  lens  he  used,  no  distinct  image  is  formed,  wher- 
ever you  may  place  the  screen.  If  you  place  it  at  I,  it  will 
receive  with  the  raya  that  come  to  a  focus  there,  rays  that  have 
their  focus  at  F.     And  so  of  other  points, 

446.  It  is  in  view  of  such  experiments,  that  a  contrivance 
has  been  adopted  in  the  construr.tion  of  telescopes  and  micro- 
Bcopes,  for  the  purpose  of  remedying  the  difficulty  above  de- 
Bcnbed.  What  is  called  a  diaphragm,  or  ttop,  is  put  in  against 
every  lens.  It  is  a  perforated  partition  which  permits  the  light 
to  pass  only  through  the  central  portion  of  the  lens.  The  lines 
D,  I)',  in  Fig.  188,  cnlting  off  all  raya  iti  the  neighborhood  of 
R  and  R"",  show  the  operation  of  the  »top.  In  the  eye  the 
iris  acU  as  the  diaphragm  or  stop  to  the  crystalline  lens  which 
is  behind  it,  as  you  can  ace  by  recurring  to  Fig.  159.  Ordina- 
rily, by  means  of  this  stop,  the  rays  pass  through  only  the 
central  part  of  Uie  lens. 

447.  Another  difficulty  attending  the  operation  of  a  common 
lens  is  what  is  termed  ckromatie  aberration.  Every  ray  of  white 
light  consists  of  a  mixture  of  ra^  of  seven  different  colon.  ' 
Some  of  these  colon  are  more  easily  refracted  than  othem,  and 
therefore  on  passing  through  a  lens  will  come  to  a  focua  sooner. 
This  of  course  ia  apt  to  make  some  confusion  in  the  color  and 
the  distinctness  of  objects,  when  seen  through  a  single  lens,  or 
through  several  if  they  are  alike.  The  difficulty  has  been  rem- 
edied, although  Sir  Isaac  Newton  thought  that  it  never  wonld 
be.  And  it  is  said  that  the  hint  of  the  remedy  was  taken  from 
the  arrangement  of  tiie  eye.     At  any  rate,  the  defect  ia  wtaM 
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by  having  Ivhrok  iiiniiu  of  flifferent  material!,  just  aa  ia  the  cma 
in  tlio  eye.  Tliuti  if  two  lenses  be  used,  ooo  of  which  is  made 
<lf  Hint  and  the  other  of  common  glass,  tha  difficullT  disappears. 
In  the  eye  it  is  pL-rfeclly' avoided  by  the  paaaage  of  the  rayi 
throuirh  vo  many  ditfen-iit  uinterials,  before  it  reachea  the  reliiia. 
The  tlop  lins  betrii  found  a  partial  remedy  in  the  care  of  opiicnl 
innlnnnents ;  and  the  irin,  tliu  stop  of  tlie  eye,  of  crourse  ai-tc  in 
till-  siinie  way-  H«t  the  full  r><inody  was  not  found,  till  another 
Ptep  wiia  lalun  in  iiiiitatiou  of  the  ej'o,  the  mo«t  perfvet  of  all 
optical  inst  rumen  Is. 

448.  Tli'Tii  is  iinnllier  arrnnf^mcnt  in  the  cyo,  which  Ihe 
opticriiin  ciin  iinilate  only  in  a  wmnMiratively  biuigHn|t  manner. 
It  is  tliilt  by  wliich  the  eyentlajita  itself  to  different  diHtanc4«  in 
looking  ut  objort:*.  If  we  Kiulc  through  a  telescope  at  a  ueor 
objfi-t,  and  tlien  turn  it  towards  oni!  at  a  dintnnco,  we  cannot 
K:e  it  diHtinetJy  iiiitil  we  ailjiint  the  lenitCH  to  suit  the  distance, 
lint  in  the  eye  Intw  fiuiikly  the  mljnstmeul  ifi  made  1  It  ii 
done  ordiniirily,  withmtt  any  effort  vu  onr  part  of  whidi  we  are 
coiiscioiiH.  It  is  i\<»ii!  so  easily  thnt  we  do  nut  think  of  the 
chiiii;^e.  Wt;  l»ok  at  an  object  at  a  fuw  inchea  di!>tniice,  and  in 
an  instant  turn  tli<:  eve  and  si-e  an  nbjeet  afar  off  with  almost 
ei^ual  diNtiuftni'SH.  ^lere  hnH  Uen  niueh  discussion  in  n.'gnrd 
to  the  mi-aiiN  by  wliieh  this  adjustment  is  effected.  One  of  tha 
meaits  tindoubti^ly  is,  a  chan<!t!  in  the  reltitivu  positimi  of  the 
crkslnlliiie  lens,  which  is  effect*^  by  the  inusa-.ular  Kbrcii  spfikcn 
of  in  g  438.  Thi«u  fibri's  when  tliity  cinitract,  draw  the  lens  ti> 
wtinls  Ihe  front  'if  the  eye,  au>l  away  from  the  n'tina.  Tliis  is 
done  whenever  we  l<x>k  at  a  near  object  If  it  wi-re  not,  llie  rays 
which  oimo  from  the  ohject,  as  they  divi'i^  iMiusiderably,  would 
not  bu  bmught  to  a  focus  when  they  reach  the  retina.  The 
iris  also  Inw  some  ajivncy  in  adjusting  the  eye  for  seeing  at 
diffi'rifut  dintaiict.'s.  When  the  eye  is  turned  to  a  near  obj<.M^ 
lliu  jiupil  always  contracts,  thereby  slmtting  out  those  raya 
coming  from  it  which  are  the  most  divergent 


449.  Id  somo  cases  this  power  of  adjuatnieDt  ia  counteracted 
by  defect  in  the  arrangement  of  tlie  oyc.  Thus,  in  the  fwor- 
tighttd,  either  the  cornea  or  the  cryBtalline  lens,  or  both,  are 
tM>  convex  ;  or,  the  crystalline  lens  ia  too  far  from  the  retina. 
The  result  is,  that  the  rays  of  light  cominj^  &om  a  distant  o1>- 
ject  coiue  to  a  foc.us  before  they  roach  the  retina,  as  represented 
in  Fig,  169,  All  objecia,  therefore,  are  seen  indistinctly  except 
those  whicii  are  brought  near  to  the  eye.  This  defect  is  rem- 
edied by  the  use  of  a  concave  lens,  which  couutorocts  the  effect 
of  tlie  too  highly  refractive  power  of  the  eye  by  making  the 
rays  divergent,  inatead  of  parallel,  before  entering  the  eye.  By 
an  habitual  adjustmeiit  of  the  eye  for  seeing  near  objects,  near- 
Bightedness  nmy  be  produced.  Hence  it  is  that  oi^[raTera, 
watch-makers,  students,  iec.  are  so  liable  to  become  near  sighted. 

450.  In  the  far  sighted  the  difficulty  is  of  an  opposite  char- 
acter. The  refractive  power  of  the  eye  is  too  feeble.  This  is 
owing  eitlier  to  too  little  convexity  of  the  cornea,  or  of  the 
crystalline  lens,  or  of  both ;  or,  to  too  great  nearnees  of  the 
crystallino  lens  to  the  retiDo.  In  this  case  tlie  rays  coming 
from  a  near  object  do  not  come  to  a  focus  soon  enough.  The 
focus  of  the  rays  coming  from  any  point  of  the  object  u  behind 
the  retina,  as  seen  in  Fig.  170,  in  which  the  rays  from  two 


points  arc  represented  as  prolonged  tilt  they  meet  ^t  their  focus 
behind  the  retina.  This  defect  is  palliated  by  the  use  of  convex 
gliiBsos.  It  is  quite  ooromon  in  persons  who  bave  passed  middle 
age  ;  while  near-sightcdneBS  appeals  moatlr  in  younger  pcrsong, 
the  full  compliment  of  the  numore  of  the  eye  ia  their  case 
making  the  front  part  of  the  organ  prominent. 

451.  There  has  been  much  discussion  of  the  question  why 
wc  see  every  thing  in  its  real  poai^oD,  while  tlie  imnges  of  ol>- 

i'ccts  are,  as  yuu  have  seen  in  8  488,  revcrwd  on  the  retina.  It 
OS  been  supposed  by  some  taot  we  really  see  every  thing  re- 
versed, and  that  our  experienoe  with  the  aense  of  touch,  in 
connection  with  that  of  raoD,  aela  oa  right  in  this  particular. 
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DIFFEnENT  PARTS  OP  THE  KfE, 

(oatu,  as  tlic'j-  nre  calli.il.     At  a  ia  tlie  tliict  strong  white  co«^ 


cnlliid  Ibe  Kclerotic  ccml,  firrni  n  (In^k  word 


hard. 


This,  w)iich  in  coniinouly  oallitt  the  w)iit«  nf  tho  tyn,  give»  to 
the  cyeliall  its  firmnem. '  Into  it  the  eomea,  f,  fits,  like  a  watch- 
glitM  into  its  cnxo.  Th<^  Hclerotic  ami  Ronu'a  then  mnke  onu  coat 
of  tliu  uyp,  the  outer  otiL-,  Ncut  ooiiu'H  tliu  ekarotd  coat,  6.  This 
is  a  vciy  vnm-uliir  iront,  containing  tlieininute  brnnchim  of  blood 
VI-WK.-1S  whidi  n<inri!)li  otluT  parts  of  thu  oye.  It  ia  of  a  dark 
rotor,  fi>r  ri-ai<oi)ti  wliici)  I  H-ill  !>lnl<^  in  anotui-r  place.  Its  color 
in  on'JQg  to  (:o1i>rifig  mntti-r  contniiicJ  in  [ligmcnt  coIU,  which 
lie  along  on  tlis  inm-r  »urfa(»  of  llii"  coat,  next  to  tlie  inner 
cent  of  the  eye,  the  retina,  e.  The  retina  in  a  thin  membrane, 
bein^  priiicijially  conijimieil  of  th'>  expansion  of  tho  optic  nerve, 
d.  The  eye  has  tlin-u  humor»,  ns  they  are  termed.  The  int 
is  the  aqiwom  or  watery  humvr,/^  which  is  in  a  cliamber  be- 
tween the  tmusiinri'iit  cornea,  r,  and  the  erytUxlHne  humor,  or 
lens,  h.  This  cTinmber  is  liivided  into  two  jiartu  hy  the  iriii,  g, 
g,  the  punil  being  the  circular  eommmticating  door  between 
them.  The  part  nf  the  cliamher  which  ia  in  front  of  the  iria 
is  miieli  larger  tlinn  that  which  in  behind  it.  The  cryBtnlliile 
humor,  or  len*,  as  it  in  more  often  called,  has  the  coofiistoncf 
of  half  diBMolred  glue.  At  i  ia  the  vHrtoui  humor,  filling  up 
a  latve  part  of  tlie  rjivity  of  the  e]-e.  It  iti  called  vitreous  from 
its  glawy  appearance.  It  is  a  clear,  jelly-like  substance,  having 
aTiout  the  teuacity  of  white  of  egg.     It  is  contaiaed  in  an  ex- 
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ceeJingly  thin  and  delicaUi  sac,  and  this  ig  divided  into  cells 
trliich  contain  the  liquid. 

437.  Fig.  1 60  ia  a  map  of  the  front  part  of  the  eye,  in  which 
the  parts  are  mora  minutely  delineatcil  than  in  Fig  150.     At  2 
is  the  sclerotic  coat;  3,  the  cor- 
nea; A,  the  crystalline  lens;  a, a,  '''"  '*"• 

a,  the  aoueoUB  humor;  7,  7.  the 
iris;  4,  the  cliorotd  coot;  S,  the 
retina ;  e,  c,  the  vitreous  humor, 
and  9,  the  sac  containing  it. 
Around  the  inside  of  the  cham- 
ber containing  the  aqueous  hu- 
mor is  a  very  thin  membrane, 
{represented  as  yon  see  by  a  line,) 
which  secretes  the  humor.  In 
this  membrane,  as  in  the  case  of 
every  other  closed  sac  in  the  bmly, 
there  are  both  exhalent«  and  ab- 
sorbents, ao  that  the  fluid  may  be 
clianged  as  necessity  requires. 
There  is  another  thin  toemlrane 
of  the  eye  which  I  have  not  yet 
described.  It  b  represeutenl  by  a 
line,  1,  in  the  figure.  It  is  iho 
amjatictiva,  so  culled  hepause  it 
unites  or  eorgoiax  the  ball  of  the 
eye  with  the  eyelids.     It  covers 

the  cornea,  {lassea  back  a  little  way  on  the  white  of  the  eye, 
and  then  turns  forward  to  line  the  evelid.  It  is  tlie  seat  of  Lhe 
most  common  form  <if  inflammation  in  the  eye.  It  is  very  vas- 
cular,  AS  is  shown  by  its  distended  vessels  when  it  is  inflamed. 
It  is  esceeditt^y  semntive,  and  hence  the  great  pain  which  is 
Occasioned  by  anything,  even  the  smallest  mote,  that  gets  int.o 
the  eye.  The  object  of  having  it  so  sensitive  I  have  spoken 
6f  in  the  Chapter  on  the  Nervous  System,  §  242. 

438.  At  6  in  Fig.  ISO,  is  one  of  tlie  ciliary  processes,  as  they 
are  called,  from  their  resemblance  to  the  eyelashes.  There  is  a 
dreular  row  of  them,  numbering  from  sinty  to  eighty,  so  ar- 
ranged as  lo  resemble  the  disk  of  a  radiut«d  flower.  In  Fig. 
161  they  are  represented  as  they  appear  in  looking  at  them 
from  behind,  the  back  part  of  the  eye  being  removed.  At  1 
ia  the  divided  edge  of  the  Uiree  coats ;  2,  the  pupil ;  3,  [he  iris ; 
4,  the  ciliary  proceMcs.     At  S  is  the  anterior  edge  of  the  retina. 
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would  bo  (luiiMo  vision,  but  ordinarily  th<.Te  is  Dot  Why  is 
tlib?  It  in  because  tlie  mind  Requires  tho  halnt  of  attending 
to  t)iu  up|in»:4iuu  lliat  comes  rroin  one  eve  alone,  the  fioncd  oup. 
If  tho  squinting  oamt  KuUdcnty  tlicro  is  double  vision  at  iinit, 
becnuxo  it  tHkcs  h  little  time  for  the  mind  to  ncffuire  the  habit 
rt'ferrod  to.  But  it  generally  comes  on  f^radually,  and  there- 
funi  there  is  no  difficulty  in  the  acquisition  of  this  habit,  to 
ra<.i4  the  exij^acj'  of  tho  case. 

4<'>4.  While  it  is  neccntary  to  «ngl«  vision  when  both  cycn 
Are  iiKdd,  tliat  tho  imago  of  the  object  should  occupy  corres- 
|ioiidin<r  [H>rtious  of  the  retina  in  tlie  two  eyes,  it  is  not  true 
tlint  ihuBC  two  iinnges  are  in  itll  cnsiis  exactly  ahke.  They  arii 
so  when  tlio  ubji-ct  presciil^t  a  plane  surfatx-,  or  one,  every  line 
of  which  can  bo  scou  equally  woll  by  both  eyes.  But  if  the 
obJLVt  lie  such  that  soroo  linos  or  Kurfiicca  of  it  are  seen  by  one 
eye  alone,  while  other  lines  nnd  snrfiicM  of  it  .ir«  seen  only  by 
the  other  eye,  two  dillereiit  imag<i>  are  obviously  formed  in  the 
two  cviM.  Vou  c-'in  verify  tiiis  by  a  Himplo  cvpcriment  If 
you  hold  a  book  boforo  your  eyes,  with  its  back  in  a  vertical 
direction,  you  sec  tho  back  of  the  book  and  its  sides  at  once,  as 
a  sin^rle  ubjiKst.  If  now,  si  ill  hultling  the  book  in  tho  same 
position,  yon  nhut  one  eye,  you  see  but  one  side  of  Uie  cover  of 
tho  book — that  one  whiirli  is  uii  the  same  side  with '  the  opeo 
eye.  And  so  with  the  other  eyn.  The  pluiu  inference  is,  that 
when  you  look  at  tho  l>uuk  with  both  eyes,  tho  imago  formed 
in  the  right  ova  is  compwud  of  the  back  of  the  book  And  the 
oovurof  tho  right  slile,  while  the  imago  in  the  left  eye  in  com- 
posed of  tho  bnclc  of  tho  bxik  ami  tho  cm-er  of  tliu  left  side. 
From  these  two  distinct  imaj^-s,  of  course,  two  distinct  iniprei- 
tiioii*  are  sent  to  the  brain;  anil  yet  but  a  single  impression  ia 
rcogiiiix'd  there  by  the  tniiul,  for  the  hook  is  si.-en  as  a  single 
obJL'ct.  Tliis  single  impn^ioit  must,  therefore^  ri'sult  in  sotiie 
way  from  a  mingling  of  the  two  impn'ssions  transmitted  alnnjf 
the  two  optic  nerves.  \Von>  it  not  for  this  mingling  of  the  two 
impressions,  we  siioulil  see  double,  that  is,  see  two  things,  when- 
ever we  look  at  any  solid  pnijectiiig  object,  and  shoald  see 
sin^rle  only  when  wo  look  at  plane  surfaces.  Iiidi-ed,  one  who 
has  but  one  eye  can  not  ncqmre  from  wght  alone  any  idea  of 
solidity.  Every  thing  would  appear  to  him  to  be  on'  a  plane 
surface,  till  he  finds  it  to  bo  otherwise  by  tho  use  of  the  sense 
of  touch,  in  connection  with  that  of  sight 

455.  Tho  statements  in  the  last  paragraph  are  beautifblly 
illustrated  by  the  instrument  contrived  by  Pro^»sor  Wheststooe^ 


.  whiob  be  calls  the  stereoscope.  In  using  this  iostniment,  you 
look  Ht  two  piolures  of  the  same  object  nith  the  two  eyes,  Bod 
yet  you  see  j>ut  one  thing — that  is,  but  one  impression  is  pro- 
duced in  ilio  mind,  althougU  two  diRerent  pictures  are  made  in 
the  two  eyes,  and  bC  course  two  ditferent  impressions  are  con- 
veyed to  the  brain.^  Suppose  the  object  represented  is  a  boob, 
as  described  in  the  experiment  alluded  fo.  in  |  454.  In  the 
right  half  of  the  instrument  is  a  representation  of  the  book,  as 
seen  by  the  right  eye,  and  in  [ha  led  half  is  a  representation  of 
it  as  seen  by  the  left  eye.  As  you  look  at  them  you  see  but 
one  book,  ju«t  »s  you  do  ia  holding'tlie  book  before  your  eyes. 
The  two  different  images  formwl  in  the  two  oyea  are  the  same 
in  the  two  exfjoriraeiita.  ITie  same  thing  is  done  with  other 
objects.  Thus,  the  two  icprosentAlians  of  a  dog,  seen  in  Fig. 
'n  the  inslruraeul  as  a  single  dog.     You  observe 
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that  they  are  shaded  dlfierently.  They  are  repreaentatjons  of 
the  two  jHctures,  which  a  Jog  in  this  position  would  make  on 
the  reliua  in  both  of  the  eyes  of  a  per^n  looking  at  him. 
When  you  luok  at  them  in  the  instrument,  the  ningle  dog  that 
yon  see  stands  out  more  than  either  of  the  two  reprasentationa, 
as  seen  when  they  are  not  in  the  instrument  Tlie  reasoti  IS 
obvious.  In  the  two  images  furmed  in  the  eyee,  as  you  look 
into  the  instrument,  are  all  the  lines  of  light  and  ehatle,  whidb 
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you  noulil  see  in  looking  at  »  rctil  dog  nith  both  ejea;  wbila. 
either  one  of  these  represcntaliona  contains  aalj  a  part  of  theae 
IJDea.  You  can  imitate  in  some  good  degree  th^efiect  of  the 
stereoscope,  by  placing  tbe  eod  ol'  a  small  book  between  these 
figures,  and  letting  the  Other  end  rest  against  tlie  nose  and  fore- 
head, thus  separating  the  eyes  from  each  other.  If  now  yoa 
look  intently  at  the  two  figures,  you  will  in  a  few  moments  find 
them  approximate  each  other,  till  at  length  tbey  mingle  to- 
gether, and  you  will  see  but  a  single  dog  standing  out  liko  a 
statue.  The  same  thing  cnn  bo  shown  by  mathematical  figures, 
Thu:j,  if  two  figures  a  a,  represented  in  Fig.  173,  be  placed  in 


the  two  apartmentfl  of  the  instrument,  on  looking  into  it  yon 
will  see  a  single  figure,  shaped  like  b.  You  can  imitate  the 
stereoscope  here  also,  by  jilucing  the  end  of  a  book  in  Buch  a 
way  as  to  cover  the  middle  figure,  tbe  other  end  being  between 
the  eyes.  The  two  figures  will  run  together,  and  the  union 
will  represent  the  figure  of  a  truncated,  four-sided  figure,  stand- 
ing out  in  bold  relief.  Dut  such  ezperimenta  afford  only  a  rude 
imitotioD  of  the  stereoscope,  for  in  tliis  instrument  the  sepani- 
tioQ  between  the  eyes  is  entire,  so  that  the  effect  is  produced 
at  onco.  There  is  no  miming  together  of  the  two  figares,  but 
the  moment  that  you  look  inlo  the  instrument  tbey  are  blended 
in  one. 

456.  The  harmony  nhich  we  have  seen  to  exist  in  the  action 
of  the  eyes  is  very  wonderful.  It  must  be  remembered  thtt 
the  eyes  are  optical  instruments,  endowed  nith  self-adjusting 
powers,  to  accoromodnte  the  different  distances  of  objects,  and 
the  varying  degrees  of  light  And  thus  must  both  be  just 
alike  in  all  these  diversified  adju^'tincnis,  that  the  images  in 
both  may  correspotid.  And  besides  all  this  adjusting  machinery 
inside  of  the  eyes,  so  delicate  and  so  correspondent  in  its  action 
in  both,  there  is  muscular  macliinery  outside,  to  move  the  eye- 
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balls  in  all  directions ;  and  in  these  movements  also,  as  you 
have  seen,  there  is  an  exact  coireapondence.  All  these  motions 
for  adjusting  this  complicated  machinery  within  and  around  the 
eyes,  are  regulated  by  the  nerves.  How  astonishing  the  accu- 
racy with  which  they  do  this!  How  exact  are  the  different 
impressionB  transmitted  through  them,  in  producing  the  various 
degrees,  and  multiplied  combinations  of  action,  in  the  little 
muscles  of  these  organs ! 

457.  There  is  correspondence  not  only  in  the  machinery  of 
the  eyes,  as  optical  instrtimcnln,  but  also  in  that  portion  of  the 
process  of  seeing  which  is  not  mechanical.  The  nerves  of  vis- 
ion must  be  exactly  .correspondent  in  the  two  eyes,  that  similar 
impressions  may  go  from  the  rctjna  to  the  brain  in  both.  And 
the  correspondence  is  in  this^^se  the  more  wonderful  from  the 
fact,  that  the  impressions  transmitted  are,  as  you  have  seen, 
not  always  precisely  alike.  How  the  harmony  is  preserved  in 
connection  with  this  variation  is  a  great  mystery.  We  can 
readily  conceive  how  a  single  impre^ion  can  result  in  the  mind, 
from  two  impressions  transmitted  to  the  brain  frvra  two  images 
which  are  exactly  alike.  But  we  cannot  conceive  how  confu- 
sion can  be  avoided  when  the  images  and  the  consequent  impres- 
sions arc  in  some  measure  different.  In  this  connection  I  will 
notice  a  peculiarity  in  the  arrangement  of  the  optic  nerves. 
They  are  not  entirely  separate  as  tliey  go  from  the  eyes  ti>  the 
brain.  At  one  point  in  their  course  they  unite  together,  and 
then  separate  again.  In  doing  so,  some  fibres  from  both  the 
nerves  communicate  together,  and  some  cross  each  other,  so 
that  a  portion  of  each  nerve  [lasmss  over  to  the  other  before 
they  go  to  the  brain.  Undoubtedly  this  arrangement  baa  some 
reference  to  the  harmony  of  action  of  the  two  nerves,  but  we 
know  nothing  of  the  way  in  which  it  exercises  its  agency  in 
this  respect. 

458.  The  power  of  perceinng  the  sim,  distance,  and  figure  of 
object,  is  wholly  an  acquired  power.  The  case  already  referred 
to,  in  which  Cheselden  restored  the  sight  by  an  operation,  shows 
thiH  to  be  true.  "  When  ho  first  saw,''  says  Cheselden  of  his 
patient, ''  he  was  so  far  from  making  any  judgment  about  dis- 
tances, that  lie  thought  that  all  o^ects  whatever  touched  his 
eyes  (as  he  expressed  it,)  as  what  he  felt  did  his  skin,  and 
thought  no  oHjcctA  so  agreeable  as  those  which  were  smooth 
and  regular,  though  he  could  form  no  judgment  of  their  alupe^ 
or  guess  what  it  was  in  any  ot^ect  that  was  pleasing  to  turn. 
He  knew  not  the  shape  of  any  thing,  not  any  one  dang  from 
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Ponvf  of  parcviTinc  t1>*  i^n^  ditUni^  nnd  Axnn  of  al^|Beti  acqalied. 

■notlier,  however  ilifieiv'iit  in  shape  or  mngnitudc ;  but  upon 
beinir  tulJ  what  tliitigi  vare,  whose  form  he  before  knew  from 
faeliu{r<  1>B  would  carefully  observe,  that  he  might  know  them 
again ;  but  having  to^i  many  objects  Ut  learn  at  oncp,  lie  forjjrot 
mnny  of  tlicm;  and  (as  he  nnid),  at  fiist  ha  leanierl  to  know, 
and  a<!:ain  fort^t  n  thoa-nnd  thin^  in  a  day.  At  finit  he  could 
bear  but  very  little  light,  and  the  things  he  saw  he  thought 
cxtrenu^lv  hrge ;  but  ujton  iweing  thingH  larger,  those  first  seen 
ho  uoiiciiived  luaji,  n<^\'cr  being  able  to  imagine  any  linps  beyond 
the  huuud'*  tluit  he  saw ;  the  runin  he  van  in,  be  aaid,  he  knew 
to  bo  but  [wrt  uf  the  house,  yet  he  could  not  conc«ive  that  the 
wliole  hoaw  oiulJ  look  biggur."  Every  inrant,  if  it  could  ex- 
|)reaii  its  ii\>'n*,  could  givu  us  n  narrative  of  a  eiiiiilar  experience, 
lu  its  Rrst  lessons  in  si^eitig.  It  in  obvioii"  tliat  seeing  is  a  pro- 
cesa  which  wu  Icirii  to  do,  as  really  as  we  learn  to  talk  or  walk. 
The  coiifusifd  vision  of  the  iiiHint  huars  the  same  relation  to 
the  acMSurate  viitiun  i>f  the  iniult,  that  its  uncouth  noises  and 
awkward  motions  bear  to  the  adult's  hannoninua  utterances  and 
graceful  m»veini!iits.  In  nr<liT  to  aciuiro  dt'linite  and  correct 
idciM  of  ohjcctd,  we  an*  ubli^ud  to  leiirn  how  to  use  those  opti- 
cal instrunienis,  the  eyi;s.  Th"  infant  nianif.-slty  doc«  not  know 
how  to  use  ttiem  to  any  gn^at  advantage.  He  does  not  at  first 
know  how  to  une  the  nius<'li»  that  direi-t  th^'  eyes  towards  any 
object,  and  there  is,  therefore,  an  obvious  awkwarduess  in  their 
uiovcnieitts.  As  he  reaches  out  his  hands  towards  objects,  it 
is  plain  that  he  do(«  unt  u)i|ireciatc  th<-ir  distances.  He  reaches 
out  for  tlie  moon,  or  any  other  distant  object,  just  as  he  does 
for  the  toy  that  i«  held  befrtre  him.  It  is  by  a  continued  com- 
parison of  exjic-riences  that  he  learns  the  BiK-s,  shapes,  and  dis- 
tances of  objects  And  in  doing  this,  the  sense  ol  touch  acts 
as  tJie  oduuator  of  llio  vision,  very  mueh,  as  the  ear  educates  the 
Toi'«.  And  oven  the  adnlt.,  with  all  llic  tvainiug  whicu  he  has 
bestowed  upon  his  eyes,  often  makes  mistakes,  espceiatiy  in  rela- 
tion to  magnitude  and  distance.  Tliere  are  vanous  degrees  o? 
skill  in  Kceiug;  and  he  in  the  most  skillful  seer  vno  makes  tha 
fewest  of  the  mistakes  n-ferrtsl  to. 

459,  Lot  us  look  now  nt  tlie  means  by  wluch  we  gun  tha 
experienoe  that  is  necessary  to  correct  vision.  One  means  is 
the  appreciation  of  the  space  occupied  by  objiH^'i  in  the  field 
of  vision.  This  is  ineasure<l  by  what  is  termed  the  vitual 
aaglt — that  is,  the  angle  which  is  fiirmod  by  two  lines  coming 
from  the  cstramitiea  of  an  object,  and  meeting  in  the  eye,  ms 
represonled  in  t^ig.  174.    In  tJiis  way  we  get  the  idea  of  mag^ 
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nitude.  But  it  U  manifest  that  it  cannot  alone  gite  as  this  idei 
correctly.  It  woald  do  so,  if  all  objects  were  at  an  equal 
distance  fixim  the  eyo.  But  you  can  see  by  tho4gare,  that  if 
they  arc  at  different  distances,  you  must  know  something  of 
those  dislances,  to  eslimate  the  magnitude  of  the  objects  by 
the  visual  angle,  n'hich  they  subtend.  The  arrow  at  A,  B  will 
appear  just  as  large  as  the  latter  one  at  A',  B',  because  it  will 
occupy  the  same  space  a,  b  on  the  retina,  and  subtend  the  same 
nngl}].  But  if  you  know  that  tlie  one  is  nearer  to  yon  than 
the  othePt  you  make  allowance  for  this  in  the  estimation  of  the 
size.  Your  hand,  held  up  to  keep  the  rays  of  the  ayn  from 
your  eyes,  would  look  to  you  as  large  as  the  sun  itself,  if  you 
did  not  know  how  near  it  is  to  you ;  and  the  sun  and  moon 
appear  to  us  to  hnvu  atxiut  the  same  magnitude,  because  we  do 
not  keep  in  mind  the  fiirt  that  the  sun  is  ninety-six  millions  of 
miles  from  us,  while  the  moon  is  only  two  hundred  and  forty 
thousand. 

460.  Another  means  which  we  use  in  getting  a  correctrtdea 
of  objects  by  vision,  is  the  degree  of  distinctness  in  tb^r  lines, 
and  shadows,  and  colors.  The  fact  is  lenrned  very  oRy  by 
the  child,  that  the  nearer  objects  are,  the  greater  is  their  dis- 
tinctness ;  and  he  makes  use  of  this  fact  continually  in  estim- 
ating both  their  distance  and  their  magnitude.  He  estimates 
the  latter  less  directly  than  ho  does  the  former  by  this  means. 
Ho  makes  use  of  his  notion  of  the  dbtance  of  an  object,  gained 
by  lis  degree  of  distinctness,  in  forming  an  idea  of  its  magni- 
tude. 'Many  mistakes  are  made  in  the  use  of  this  meana  of 
judging  of  objects.  Thus,  a  very  bright  light  will  often  ^>p^' 
to  Ik  nearer  than  one  that  is  less  bright  When  the  iIP 
plierc  is  very  clear,  monnlAins  and  other  objects  appeir  M 

to  us  than  they  do  when  the  atmosphere  is  thick  ud^ 

461.  Another  means  of  making  %  oorrsot  «itilU 
distance  and  magnitude  of  o^ects  is,  oompufaoliir 
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Pcnrcr  of  perccivinir  1K«  tin,  ^iiUncfl,  tud  flje^n  ^  h^JkIi  spqairH. 

BDothcr,  liowiiviT  Jiffi-r-nt  in  filiape  or  mn^itiido;  but  npoo 
bein;;  told  whnt  tiling  van,  wboso  form  he  before  know  from 
focliiig,  be  would  carefully  obwn'c,  that  ba  miglit  know  idein 
again;  but  having  tou  many  objects  U>  Icam  at  oncp,  lio  for^t 
mnay  of  them;  anil  (as  ho  oaid),  at  first  bo  loameil  to  know, 
luul  agiun  flir^t  a  thousand  thin^  in  a  day.  At  fir<t  be  could 
bear  but  very  little  light,  aod  tUo  things  be  mw  ho  thought 
extremely  lanie ;  but  u]ion  neeiniEf  things  larger,  tboM  first  wen 
hu  Goitcuiv«d  lirifi,  ni-ver  being  nljo  to  ima^ne  any  lines  borond 
the  bounds  tlint  lie  saw;  the  room  be  iras  in,  he  said,  he  ^oew 
to  lie  but  jinrt  uf  iIk^  bouse,  yet  bo  could  not  conceit-e  that  the 
whole  housi!  coulil  hiok  bigi^r."  Evury  infant,  if  it  could  ex- 
Tir«du  ila  iden»,  could  givi;  us  a  narrative  of  a  eimilar  cxpviienoe, 
lu  its  tirst  k-sKons  in  »iM>ing,  It  ia  obvious  that  seciui;  is  a  pro- 
ceea  which  wo  li-arn  to  do,  as  rtially  a*  we  loam  to  talk  or  walk. 
Tlie  confusi-d  vision  of  (ho  infant  N-nrs  the  same  relation  to 
the  accurate  vision  of  tlio  adult,  that  its  uncouth  noises  itnd 
awkward  motions  U'ar  to  the  nilidc's  linnnonious  iitterancca  and 
ffracefiil  movcuutiits.  In  orUor  to  nciuiro  definite  and  (.-orrect 
idooa  of  objects,  we  an;  obii^i-d  to  leiirn  liow  to  uw  those  opti- 
cal instrunienfci,  the  (^y>'s.  The  infant  manifestly  doea  not  know 
how  to  use  them  to  any  great  ailvantngc.  He  docs  not  at  first 
know  bow  to  uw)  the  muscli>s  thitt  direct  thi>  eyes  towards  any 
obji-et,  and  there  is,  tlienfon^  aii  obnom  awkwardness  in  their 
movuineuls.  As  ho  r('a<:hes  out  his  hands  towards  objects,  it 
is  plain  that  he  does  not  a|>precinte  their  distances,  lie  reaches 
out  for  the  moon,  or  any  other  distant  object,  ju«t  ns  he  does 
for  the  tor  that  is  held  Licfore  him.  It  i»  by  a  continued  oom- 
pariaon  of  experiencea  that  ho  loams  the  sixi-s,  shapes,  and  dis- 
tances of  objects.  And  in  [loitijr  thia,  the  sense  ot  touch  acts 
as  tlie  educator  of  the  nsion,  verr  much,  as  the  ear  cdncatcs  the 
voice.  And  evi'n  \k\ii  adult,  witli  all  the  trainittu  whic'n  ho  has 
bestowed  upon  bis  eyes,  often  makes  mistakes,  especially  m  rela- 
tion to  miigriiludi!  and  distance.  There  are  various  degrtMis  of 
skill  in  HO'iiig;  and  he  is  the  most  skillful  seer  wno  makes  the 
fewest  of  the  mistakes  referred  to, 

450.  I>jt  us  look  now  at  the  means  by  which  we  gain  th« 
experience  that  is  necessary  to  correct  vision.  One  means  is 
tlio  appreciation  of  the  s|iace  occupied  by  objifts  in  the  field 
of  vision.  This  is  measun-d  b^  what  is  termed  the  viiual 
anffle — that  is,  the  angle  which  is  foi'mi-rl  by  two  lines  coming 
from  the  cxtremi^ca  of  an  object,  and  meeting  in  the  eye,  aa 
represenlAd  in  Fig.  174.    In  Uiis  way  we  get  the  idea  of  cufr- 
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nitude.  But  it  ia  manifest  that  it  cannot  done  gite  us  this  idei 
correctly.  It  would  do  bo,  if  all  ohjecta  were  at  an  equal 
diatauue  from  the  eye.  But  you  cad  see  hy  the^lgure,  that  if 
tbcy  are  at  different  distances,  you  mii«t  know  something  of 
those  distances,  to  estimate  the  magnitude  of  the  ohjocls  I 
the  visual  angle,  wliicli  ihey  suhl«nd.  The  arrow  at  A,  B  wi 
appear  just  as  large  as  the  larger  one  at  A',  B',  because  it  will 
occupy  tlie  same  Bpac«  a,  b  on  tlio  retina,  anil  aiiblend  the  saine 
angl^.  But  if  you  know  that  the  one  is  nearer  to  you  than 
the  ot!le^  you  make  allowance  for  this  in  the  estimation  of  the 
size.  Your  liand,  held  up  to  keep  the  rays  of  the  sun  from 
your  eyes,  would  look  to  you  as  large  as  the  sun  itself,  if  you 
did  not  know  how  near  it  is  to  you ;  and  the  sun  and  moon 
appear  to  us  to  have  about  the  sntne  magnitude,  because  we  do 
not  keep  iu  mind  the  fiict  that  the  sun  is  ninety-six  millions  of 
miles  from  us,  while  the  moon  U  only  two  huuilred  and  forty 
thousand. 

480,  Another  means  which  we  use  in  getting  a  correct^dea 
of  objects  by  vision,  is  the  degree  of  distinctness  in  th^r  lines, 
and  shadows,  and  colors.  The  lact  is  learned  very  diRy  by 
the  cbitd,  that  the  nearer  objects  are,  the  greater  is  their  dis- 
tinctness ;  and  he  makes  use  of  this  fact  continually  in  intim- 
ating both  their  distance  and  their  magnitude.  He  estimates 
the  Tatter  leas  directly  tban  he  does  the  former  by  this  means. 
He  makes  use  r>f  bis  notion  of  the  distance  of  an  object,  gained 
by  its  degree  of  distinctness,  in  forming  an  idea  of  its  magni- 
tude. Many  mistakes  ua  made  in  the  use  of  this  means  of 
judging  of  objects.  Thus,  a  very  bright  light  will  oflen  appear 
to  be  nearer  than  one  that  is  less  bright.  When  tha  ^  ~  ~ 
plicre  is  very  clear,  mountains  and  other  objects  i_ 
to  us  than  they  do  when  the  atmosphere  is  thidi,  f 

461.  Another  means  of  making  a  corroot  ( 
diatancu  and  magnitude  of  objects  is,  compaifM 
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objects  which  are  familiar  to  ua,  Thus,  we  get  onr  id?M  of 
the  Rize  of  animals  from  objects  in  their  neighborhood.  The 
artist  makes  use  of  this  means  of  communicating  ideas  of  hm 
in  pictures  and  eng^avin^  Fignm  of  men  are  placed  near 
large  buildings  for  this  pnrpcne.  A  notion  of  the  great  siie  of 
the  elephant  is  given  by  pladng  his  keeper  at  his  side.  I  need 
not  multiply  instances  of  this  sort.  W«  ore  not  ordinarik 
^awnroliow  dependent  we  are  npon  sncA  comparisons,  in  esti- 
mating the  magnitude  of  oligects.  An  occMional  mistalie  re- 
minds us  of  it  however.  For  example,  I  once  turned  my  eye 
suddenly  from  a  giddy  height,  upon  some  huts  below  at  a  rirer's 
Nde ;  they  appeared  to  me  to  bo  dog  kennels,  till  a  man  issued 
from  the  do«  of  one  of  them,  and  thus  dispelled  the  illusion, 
by  afibrding  mo  a  means  of  comparison.  So  complete  was  tfaa 
illusion,  and  so  sudden  was  the  dissipHtion  of  it,  that  it  seemed 
as  if  there  was  an  instantaneous  swelling  of  dog  kennels  into 
huts.  Every  one  must  hn^vo  noticed  how  large  the  full  moon 
appears  as  he  sees  it  rising,  while  the  higher  it  rises  the  smaller 
it  becomes  to  the  eye,  although  it  is  really  at  no  greater  distance 
than  it  was  when  it  first  rose.  The  reawn  in,  that  when  iC  firet 
rises  you  see  it  in  a  range  witli  other  objects,  with  which  too 
instJnctivety  comnare  it.  And,  therefore,  it  appears  larger  when 
Tou  see  it  rising  m  the  diri'ction  of  some  dislinnt  object,  as  a 
large  building,  or  a  high  hill,  than  it  dues  when  you  see  it  riung 
over  a  level  plain. 

462.  Another  means  of  judging  of  the  magnitude  and  dis- 
tance of  objects  is,  the  muscular  tttue  (§  323)  exercised  in 
adjusting  the  eyes  in  seeing  them.  Tlnis,  consciousness  of 
the  amount  of  muscular  action,  in  piissing  the  evo  up  and  down 
a  tall^jcct,  helps  to  give  us  an  idea  of  its  heighL  So  ton,  in 
looking  at  near  objects,  consciousness  of  tlie  amount  of  eSbrt, 
in  turning  the  two  eyes  towards  the  point  looked  at,  helpa  us 
to  estimate  the  distance  of  the  oliject.     Commonly  n 


distinctly  think  of  this  effort,  because  it  is  so  easily  made;  but, 
"*   '      '  wking  at  an  object  held  at  some  distance  from  tl 
mly  bring  it  very  near,  the  effort  to  make  the  a 
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the  eyes  converge  enough  to  sea  it  distinctly  is  very  nianifest, 
producing  a  straining  effect,  which,  if  it  be  reiieatcd  many  times 
successively,  wearies  the  eyes.  You  can  discover  how  very 
depeqdcnt  you  are  upou  this  sense  of  the  couvorgence  of  the 

•  Tlw  Ufa  (plant  im)  sf  Ih*  ■;<><•  ■  lli» 
*<id  nniiU  bsekoird  tluouah  tW  a^  ta  tka  a 


Bniof  a  iu  put  ■  isaiitkl  pnent.    B«*l]f  flomplitfrttj  uwl  dilOeah. 

ere*,  id  accurst«ly  estimatiiig  comparative  distances  in  Dear 
ocgecU,  by  attampting  to  thread  a  needle,  or  nib  it  pen,  or 
enuff  a  cuidle  wiui  one  eye  shut.  The  change  in  the  conveig- 
ence  of  the  eyes,  on  looking  at  objects  at  different  distances,  is 
very  manifest  to  us  when  we. observe  the  eyes  of  otbera.  We 
perceive  thus  not  only  the  direction,  but  the  distance  of  the  otgects 
at  which  they  are  looking.  We  do  this  so  continually  from  our 
infancy,  that  wo  very  early  acquire  great  accuracy  in  judging-, 
at  what  distance  tlie  point  is  towards  which  the  eyes  are  turned, 
or  in  which,  in  other  words,  the  axes  of  the  eyes  meet. 

,463.  Prom  the  fitcts  presented  in  the  few  last  paragraphs,  it 
is  obvious  that  what  we  include  in  the  word  seeing  is,  to  a  great 
extent,  a  mental  process.  That  is,  there  are  certun  mental 
efforts  which  are  absolutely  essential  to  correctneag  in  vision. 
Without  these  mental  efforts  or  processes,  we  could  not  see 
things  as  they  are,  ss  it  is  expressed  very  properly,  but  we 
should  see  them  as  the  boy  operated  upon  by  Cneselden  did, 


when  he  Grst  began  to  see.  Seeing  ia  commonly  supposed  to 
be  a  very  simple  process.  The  idea  h,  that  one  has  merely  to 
open  liis  eyes,  and  he  sees.     But,  as  you  have  seen,  the  whole 


process  is  both  a  complicated  and  a  difficult  one;  and.  in  order 
to  be  able  to  do  it,  the  eyes  hate  to  go  through  a  course  of 
training  in  the  case  of  every  infant,  just  as  was  the  case  widi 
the  boy  whose  sight  Cheselden  restored.  We  should  be  con- 
BcioUB  of  this,  if  we  could  recollect  the  experiences  of  infancy. 
But  not  being  able  to  do  this,  it  is  only  when  we  make  some 
extraordinary  effort  in  vision,  that  we  are  at  all  sensible  that 
there  is  any  acquired  skill  in  the  process.  After  the  training 
which  the  eyes  have  in  tDbncy,  mdinary  seeing  is  done  wi^ 
so  much  facility,  that  we  are  not  conscious  of  any  effort  either 
bodily  or  mental.  This  appears  very  wonderful,  when  we  con- 
sider Uiat  the  eyes  are  two  optical  instruments,  which  need,  as 
yon  have  seen,  a  most  careful  and  nice  change  of  adjustinent 
continually,  to  see  in  different  directions,  and  at  different  dis- 
tances, and  that  there  is  also  considerable  and  complex  mental 
effort  in  getting  the  right  impressions  from  the  objects  which 
are  pictured  upon  the  retina. 

4(14.  But  there  is  another  view  in  which  the  mental  part  of 
the  process  of  vision  appears  strikingly  prominent.  When  it  is 
said  that  images  of  objects  are  formed  upon  the  retina,  and  that 
impressions  are  transmitted  from  them  to  the  brain,  this  is  iar 
from  stating  all  that  is  true  on  that  point.  Many  of  the 
images  pictured  upon  the  retina  do  not  transmit  im 
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the  mind.  Tlio  sfiuation  vf  scuing  u,  tbcrcfore,  in  reUtion  to 
thi^m  incomplete — (he  W^nnintjT  only  of  Ui«  prooeu  it  efiedcd. 
HiiNjou  have  sevn  to  Ixi  true  in  tlic  cbm  of  atnbiBiTius  or 
Ei|uintiiig.  The  fiinlly  eye  iu  tbis  ca»o  is  nut  uMd — the  mind 
tiikpH  no  cogniKnnce  of  tlie  imngoi  formed  iu  it  (§  453).  But 
it  is  tnio  of  ordinary  vision  also,  tli.it  the  mind  takM  ao  cogtri- 
aince  of  many  of  tlie  irongeB  formed  ou  tha  retina.  This  can 
1h-  ventii'd  by  ■  simjile  experiment  If  you  hold  a  finger  nev 
the  eyes  (at  »omo  ten  or  twelve  iticlies  from  tliem),  and  ft  fin- 
gi.'r  of  the  other  hnnd  at  a  greater  diotaiice,  but  in  the  sanw 
direction,  and  tbeii  look  at  Uie  near  finger,  you  vill  perceiva 
that  tlie  otlier  lingor  apjiean  double.  So,  on  the  other  hand, 
if  you  luok  at  thu  distiint  fingur,  the  near  one  appears  donble. 
TLo  i\-ason  of  tliis  can  he  made  ele-ir  to  you  by  Fig.  17S.  The 
two  evex,  L  and  It,  lieing  direct- 
ed so' that  tlieir  iixes  converge  "*>.  ns. 
on  the  obji'ct  A,  tbo  midJIe 
poiulH  of  tliQ  two  im.igi'S  c<>r- 
ri-#])Otid  will)  lliu  middle  jioinLt 
of  the  retina  in  the  two  I'yes,  a 
and  a'.  Tlie  images  thus  c<>r- 
resjioiiding  in  their  j>lace  on  llic 
Mtma,  the  impreteiotis  currii'd 
from  thi-m  by  the  two  iipiiu 
nerves  to  tlie  brain  corret^puiid 
also,  and  so  tbe  lision  in  siti^r],.. 
Hut  tbo  iniiige  of  tbc  obj^-t-t  IJ 
u  fbi'mod  ill  the  two  eyes,  in 
)>art8  uf  the  n-tinn  th;il  d»  na 
i-orren|)ond,  b  and  b'.  Tlii-y  ;ii<; 
butli  on  tlku  iH^iile  of  th<>  'mid- 
ill';  poinU,  a  a',  th:it  is  tiiwiu'ds 
tlie  noite;  whereas  tbe  outward 
y.iTt  of  tile  retina  iu  one  eyn 
cor]'<'sjiijnds  with    tbo    inward 

jiart  in  tlie  oUier  eye,  and  vice  versa.  Tliis  you  will  see  to  be 
true  by  recurring  to  Fig.  lTl,in  which  in  shown  the  way  in 
which  a  row  of  objects  in  pictured  on  the  retina  in  tha  two 
eyes.  There  you  see  that  tha  image  of  Ute  object  A,  for  ez- 
ain]ile,  is  in  tbe  lefl  eye,  L,  on  the  iiiutr  side  of  the  middle  point, 
b  of  tlie  retina;  while  in  tbe  right  eye.  It,  it  it*  at  th»  outer  side 
of  the  middle  point,  b'.  In  the  case  of  the  objeet  U,  then,  in  ¥ig. 
176,  it  ia  dear  to  you  that  tho  images  of  it  in  the  two  eyes  an  ' 


SoiM  at  thl  imifM  oa  Ihl  ntiiw  (ii 

0  fbrmed  io  parts  of  the  retina  that  do  not  correspoDd,  and  thei«« 
fore  it  appears  double. 

465.  The  applicfttion  of  all  this  to  the  point  in  hand  yon 

can  rc^iily  soe.  Ab  the  images  of  all  objects  in  the  field  of 
vision  of  the  two  eyes  are  pictured  on  the  retina,  it  ia  plain, 
according  to  the  facts  developed  above,  tliat  whenever  tlie  eyes 
are  directed  together  to  any  one  object,  other  objects  in  the 
same  direction,  but  at  a  difiereut  distance,  must  make  iinngea 
on  the  retina  in  the  two  eyes  that  do  not  correspond.  We  are 
therefore  continually  seeing  double,  so  far  as  that  part  of  the 
process  of  seeing,  which  consists  iu  the  formation  of  the  im- 
ages, is  concerned.  But  we  are  not  ordinarily  con^ious  ot 
seeing  double.  How  is  this?  How  is  the  difficulty  (for  it  is  a 
real  difficulty  in  the  eyes,  as  a  pair  of  optical  instnimenta,  aris- 
ing from  tlie  non-corresponding  images)  remedied?  It  is  done 
obviously  in  the  other  part  of  the  process  of  seeing,  the  mental 
part.  The  mind  regulates  vision  by  the  varying  degrees  of 
attention  it  bestows  on  objects.  Ordinarily  it  does  not  attend 
to  n  on -corresponding  impressions  that  corae  from  the  non-cor- 
reaponding  imuges,  but  it  attends  only  to  those  which  arc  corres~ 
.  pendent.  As  in  squinting,  it  disregards,  as  you  have  seen,  the 
impressions  thnt  come  from  the  faulty  eye,  so  in  ordinary  vision 
it  disregards  many  of  the  imjircsaions  that  come  from  both  of 
the  wfea.  By  an  effort  of  the  will  it  can  attend  to  the  impresuona 
vhich  it  ordinarily  disregards.  When  this  effort  is  not  made, 
it  disregards  them,  as  we  may  say,  instinctively.  To  make  this 
obvious,  I  will  recur  to  the  experiment  with  the  two  (ingers, 
held  at  different  distances.  When  you  first  attempt  the  experi- 
ment, you  do  not  for  the  moment  perceive  that  you  see  one 
finger  double,  because  yon  change  tlio  direction  of  your  eyes 
from  one  finger  to  the  other,  so  osnily  and  so  unconsciously, 
that  you  seem  to  see  them  both  singly  at  once.  But  by  a  litue 
mental  effort  you  fix  your  eyes  on  one,  at  the  same  timo  attend- 
ing to  the  images  and  consci^UGnt  impressions  produced  by  the 
other,  and  then  the  experiment  succeeds.  From  all  this  it  is 
obvious  that  the  reason  that  you  do  not  see  very  bear  objecta 
double,  when  looking  beyond  them  to  distant  ones,  or  see  distant 
ones  double  when  looking  at  near  ones  in  the  same  direction, 
is  simply  that  the  mind  ordinarily  attends  only  to  those  images 
and  impreswous  which  are  eorrespondent,  while  it  with  an  ha- 
bitual instinct  disregkrds  those  which  are  not  so. 

400.  In  connectiQi)  with  this  subject  of  the  influence  of  mental 
attention  on  vision,  it  is  pn^ter  to  aolioa  the  &ot,  that  visioD  is  meet 
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Faint  at  dMiiel  •liioa,    UlniileiiMi  «f  tki  imfa  on  Om  ntlo*. 

distinct  at  the  central  part  of  the  retina — that  part  where  the  axil  » 
of  tlio  eye  strikes,  hs  seen  in  Fig,  ITI,  A,  b'.  Thia  is  cammonij 
called  the  poial  ofditlinet  vision.  The  mental  attention  makea 
MK  of  this  point  continually.  Thus,  if  we  are  looking  intently 
at  a  minute  object,  the  eyes  are  so  directed,  that  their  ooQTere- 
ing  a^ces  meet  on  the  object  So  when  ne  are  reading,  althou^ 
the  nholo  page  may  be  pictured  on  the  retina  of  each  eye,  only 
the  letter  ou  which  the  axes  of  the  eyes  meet  is  seen  with  per- 
fect dixtinctneas.  And  the  point  of  union  of  the  axes  moves 
from  one  btter  to  auolhcr  along  the  linen,  so  that  each  letter  is 
successively  pictured  on  the  central  part  of  the  retina.  The 
process  is  ho  rapid  tliat  wo  are  not  conscious  of  it,  UDtii 
we  take  pains  to  observe  what  the  process  is.  So,  in  looking 
at  B,  prospect,  the  eyes  at  each  moment  see  some  one  point 
more  diBtinctiy  than  any  other  jiart  of  nil  that  fills  the  field  of  vis- 
ion. We  are  unconscious  of  this,  just  as  in  the  case  of  read- 
ing, because  the  axes  of  the  cyei  are  so  continually  moved  by  a 
slight  but  cx<%edingly  quick  niolioii  from  one  point  to  another. 
Wo  in  thia  way  take  into  tlio  oi-ntral  part  of  the  retina  so  many 
points  with  such  rapidity,  tlint,  by  a  mingling  of  the  impres- 
sions upon  the  mind,  wo  soeni  to  see  tlie  wliole  jmispect  at  the 
same  moment,  with  ncaily  equal  distinctness.  Tlie  succcssitb 
iiBpreasious  from  the  images  on  the  retina,  occupy  so  little  time, 
that  they  appear  b>  he  simultaneous,  unless  we  watch  the  process. 
467.  But  although  some  one  letter  on  a  page,  ur  some  one 
point  in  a  prospect,  is  at  each  moment  seen  with  much  more 
distinctness  than  what  is  all  shout  it,  yet  there  is  some  vision 
of  the  page  and  of  the  pro-ipect  as  a  whole,  of  course  being 
less  distinct  the  iarthcr  it  is  from  the  central  point.  It  is  pic- 
tured as  a  whole  on  the  retina,  and  the  impression  from  it  aa  a 
whole  goes  by  the  nerve  to  tliu  brain.  The  picture  is  a  very 
minute  one,  as  it  occupiiis  a  small  space,  and  yet  it  is  very  dis- 
tinct in  all  its  lines,  and  shades,  and  colorings.  On  this  point 
I>r.  I'aley  remarks  that  "  in  considering  vision  as  achieved  by 
the  means  of  an  image  funsi'd  at  .he  bottom  of  the  eye,  we 
can  never  reflect  without  wonder  upcn  the  BraulliiCBs,  yet  eorroct- 
ness  of  the  picture,  the  subtility  of  tlio  touch,  the  fineness  of 
ttie  lines.  A  landscape  of  five  or  six  square  leagues  is  brought 
into  a  space  of  half  an  inch  diameter;  yet  the  multitude  of 
objects  which  it  cont^ns  are  all  preserved;  are  all  discriminated 
in  their  magnitudes,  positions,  figures,  colors.  The  prospect 
from  Hampstead  Uill  m  oompreased  into  the  compass'  of  a  sii- 
peDce,  yet  is  ciroamttantudlj  repreeonted." 


403.  W«  Ibna  a  judgment  o(  the  modoD  of  bodiei,  in  pat 
bj  the  morement  of  th«  im^es  of  Ihem  npon  the  retiu.  Hm 
pereepcioD  of  this  morenteat  mBit  be  eiceediuglj  delicate,  for 
CTOi  when  a  bodj  f  Miw  orer  «  conadenUe  space,  its  imaga 
inar«B  MTitr  a  T«rr  (mall  ipace  on  the  retina.  "A  tUigKomdi," 
taji  Dr.  PaI«T,  ''trtT^li^  at  its  crdinaty  speed  for  half  an 
boar,  fntt  It  in  the  eye  onlr  ov«r  ooe-twelnh  of  an  inch,  yet  i* 
tha  cLaBs?  </  plau  in  iIk  image  dittinetlr  perceived  throngfa- 
ont  xan  whi'jk  progren ;  Em'  it  is  oalj  bj  means  of  that  per- 
ixpcob  ibat  the  motion  <4  the  CMcb  itself  is  nude  sencible  to 
the  ^7$.  If  anj-  thing  can  abate  oat  admiration  of  the  tmall- 
ncM  (jf  tiiii  riMial  tablet,  compared  with  the  extent  of  ncios, 
it  is  the  nde<4ion  which  the  view  of  oatuie  leads  ut  ereiy  boor 
b>  make,  rix  :  that  in  the  bands  of  the  Creator,  great  and  litlle 
are  n'jtli^ng.'' 

409.  Many  of  oar  impreanons  in  regard  to  motion,  m  we 
took  at  objisi^  are  eimneoia.  When  we  are  moring  onrsehes, 
lor  example,  waaaoatj  objects  appear  to  more.  As  we  lide 
npMj,  the  objects  that  wie  see  seem  to  fijr  bjr  ns.  Tbk  is 
<^>«ciallj  the  ewe,  if  the  motion  to  which  we  are  snljeetad  be 
an  eren  one,  as  when  we  ride  in  a  rail-foad  car.  And  if  w« 
look  at  disant  and  near  ot^ects  at  the  same  time,  while  tha 
near  otjecu  seem  to  Sr  back,  the  distant  seem  to  go  aloo^  with 
ns.  Thk  is  owing  to  their  relative  change  of  position,  a*  can 
ba  made  dear  hj  Fig.  170.     Sappose  that  when  at  a  job  see 
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two  objects,  c  aiid  d,  in  tlie  same  direction.  Tf  jou  paw  nip> 
'id\y  to  6,  the  object  e  api^ean  to  have  moved  backvara  in  reU- 
tioD  to  the  oljject,  rf,  while  tlio  object,  d,  nppenntohave  moved 
fomard  in  relntion  to  c  ;  and  the  lin?,  d,  r,  reprtsenla  tile  rela- 
tivo  chaogo  of  positions  in  tbo  images  of  the  two  objects  upon 
the  rctino. 

470.  As  every  object  that  we  see  is  diiiruerreotyped,  as  to 
may  say,  upon  the  retina,  the  rapiility  with  wtiich  these  pio-  ■ 
turos  ehaiifre,  and  the  distinctness  with  which  the  nerves  traii»> 
mit  impreasiouB  frijtn  them  to  the  brain,  are  very  wonderfuL 
The  time  required  for  each  transmiswon  is  \-ery  small— only  the 
fraction  of  a  second.  I'he  length  of  lime  has  been  eatitiiutcd 
by  experiment.  Thus,  if  it  id  found  that  a  burning  eoal,  whirl- 
ing around  nl  the  rate  of  six  times  in  a  second,  prodiicea  ■ 
continuous  drelo  of  light,  but  that  ihc  circle  is  broken  when  it 
whirls  round  only  five  tlities  in  a  second,  we  know  that  tlie 
length  of  time  rci(nircd  for  a  distinct  and  separate  iniprcssiun 
i»  iliQ  ono-6fth  of  a  si'cond,  The  same  experiment  can  hb 
tried  with  a  wheel.  In  thiii  case  we  observe  what  is  the  Ia^«st 
number  of  revolutions  In  a  second,  that  can  be  made  without 
blending  the  visual  iniprcs.'^iont)  of  the  spokes  into  one  con- 


tinuous imprcssiuu.  Hy  such  experiments,  it  ha-i  been  found 
ttiat  tlio  time  required  lor  a  distinct  visual  iinpreRsion  varies  in 
difierent  individuals,  and  in  the  same  individual  at  difierent 


timuA,  from  one-fourth  to  one-tenth  of  a  second.  This  diSer- 
eneo  in  the  rapidity  of  succession  of  tlie  impressions  is  of  course 
not  owing  to  any  ditTcreneo  in  the  ropiditv  of  the  formation  ot 
tiie  ima^s ;  ti)r  ihey  are  formed  by  the  light,  and  light  alwaya 
moves  with  the  same  velocity.  It  must  be  owing  niaiiifontly  to 
a  difference  of  facility  on  tlio  i>art  of  the  miwl,  in  receivingf 
impresriuns  from  the  ltnagL«.  In  other  words,  the  mental  ac- 
tivity in  the  uiU!  of  the  optical  instruments,  the  eyes,  differs  in 
,  different  individuals,  and  iu  the  same  indiiidual  at  different 
times.  If  one  sees  more  quickly  tlinn  another,  it  is  a  mental 
quickness.  It  is  a  dilfercnce  analogous  to  that  which  we  see  in 
relation  to  the  use  of  other  instruments  of  the  mind,  the  mus- 
cles for  example.  Some  use  these  instruments  much  mora 
readily  and  rapidly  than  others.  We  see  this  in  the  motions 
of  the  eyes  themselves,  and  the  eyelids  also.  Some  wink  mora 
Quickly  than  others,  and  there  was  wisdom  in  the  decision  of 
tne  blacksmith  who  dismissed  k  workman,  because  he  did  not 
winlt  quick  enough,  and  was  therefore  always  getting  sps^  in 
his  eves. 


.    Cull  ion  of  ht. 


471.  The  blending  of  impreeaiona  in  vision,  produced  by 
rapid  motion,  has  been  made  one  of  in  the  contrivance  of  an 
amusing  optical  toy,  called  ibe  Thanmatrope.  In  making  this, 
you  cut  a  drcHlar  card,  and  make  two  dinbrent  figures  on  ita 
two  sides.  If  you  attach  two  silken  stnngs  to  opposite  points 
in  its  diameter,  and  then  twist  tLo  Btrings,  so  Uiat  when  the 
card  is  left  to  go  free,  it  will  revolve  with  oonBidersble  rapidity, 
the  two  figures  will  be  mingled  together  as  seen  by  the  eye. 
In  Figs.  1T7  and  178,  are  represented  the  two  sides  of  a  card, 


prepared  in  this  way.     In  this  case,  the  figures  as  they  mingle 
together  appear  to  the  eye  as  a  cross.     If  a  bird  be  drawn  on 
one  side  of  the  card,  and  a  cage  on  tlie  other,  the  mingling  of 
the  two  figures,  as  the  card  revolves,  will  show  you  the  bira  in    , 
the  cage. 

There  are  many  other  pointa  in  regard  to  the  phenomena  of 
vision,  which  tt  would  be  interesting  to  notice.  But  it  would 
mate  this  chapter  too  long. 

472.  Tlie  means  by  which  so  delicate  an  organ  as  the  eye 
is  protected  from  injury,  are  worthy  of  notice.  Observe  first 
its  situation.  Parapets  of  bone  surround  it,  and  receive  the 
force  of  most  of  the  blows  tbat  come  upon  that  part  of  the 
face.  Above  is  the  strong  arch  of  bone,  forming  the  lower 
part  of  the  forehead.  Then  there  are  the  cheek  bones,  and  the 
bones  of  tlie  noee.  Thus,  walled  in,  in  all  direction;  by  these 
prominences,  the  eye  is  seldom  hurt,  except  by  a  direct  thrust. 
And  beudes  being  thus  protected  by  surrounding  bones,  it  re- 
poaes  upon  a  soft  cushion  of  fat,  wbich  yields,  if  the  eye  be 
pushed  backward  by  violence.  Indeed  it  is  thus  pushed  back- 
ward effectually  by  the  muscle  that  closes  the  eyelids,  whenever 
an  impending  blow  is  seen,  and  it  is  thus  sunk  &rther  bock  in 
its  cusntooed  recess,  amid  the  projecting  parapets,  and  of  course 
recdves  less  of  the  force  of  the  blow  than  it  otherwise  would. 
This  miude,  also,  by  it»  uutaDtaseous  action,  prevents  many 
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light  articles  from  flying  into  the  eye.  Such  titidea  are  alio 
often  prevented  from  entering  the  eye,  b^  being  intercepted  bf 
the  cyehtHhes.  The  eyibrote,  Ixsido  being  an  ornament,  pro* 
tects  the  eye  froin  bnrm,  by  preventing  the  ulf  perepiratioa 
from  running  down  into  tlio  eye,  &nd  irritating  iL  It  Acts  ns  a 
thatched  roof^  pmjeuting  from  the  arch  over  the  eye,  and  letting 
tlic  perspiration  from  tno  forehead  ei'aporate  from  it,  when  it 
is  small  in  amount,  or  drop  from  it  down  upon  the  cheek,  when 
it  is  abundant  Tiic  ei/dathea  aluo  seno  to  keep  the  peiBpira- 
tiun  of  the  eyelids  from  I'nttiring  the  eye.  The  itructure  of  the 
ei/tlidn  u  suuh,  that  tlie  freciit  motion  is  alloired,  while  they 
^brd  by  their  firmnesst  considerable  protection  to  the  organ. 
They  derive  their  firmne!»  from  n  fibrous  cartilage,  which  makea 
the  body  of  eaub  lid.  Yuu  can  readily  see  that  this  cartilage^ 
making  an  even  pressure  on  the  surface  of  the  eye,  must  often 
))rove  an  effectual  defense  against  direct  tlirusta.  If  the  weapun 
tiit  tliis  cartilage,  it  acU  oa  a  firm  sbield,  to  ward  off  the  blow 
from  the  eye  behind  it.  And  oven  that  part  of  the  lid  which 
is  intendu<I  by  its  laxncss  to  iillow  fn.-e  motion  to  the  lid,  the 
akin,  is  often  an  etTectuat  di-fcnac.  If  an  impending  blow  be 
seen,  and  llie  eye  be  institntancously  and  forcibly  shut,  the 
wrinkled  skin  forms  a  Kift  cushiuu  over  tbe  eye,  and  thua  not 


buts< 


terially  to  deaden  the  force  of 


473.  The  tear  apparatus 
affords    the    eye    material 

frotcction.  The  bland  tears 
eep  the  organ  properly 
lubricated,  so  that  ils  con- 
stant motions  occasion  no 
irritation.  And  if  any  tJiing 
gets  into  the  eye,  tbe  tears 
are  manufactured  obund- 
antlv,  for  the  purpose  of 
washing  out  the  intruding 
substance,  which  is  generally 
elKiTled.  Fishes  hare  no 
need  of  a  tear  apparatus,  as 
their  eyes  are  washed  con- 
itantly  by  tha  water  in 
which  they  Uve.  In  Fig. 
1 79  is  repreaonted  the  tear- 
appwatua.    The  tears  are 
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Tou  ijiptrmiuB-    Otliof  the  a^dubv. 

secreud  by  a  small  gland,  called  the  laehri/nial  gland,  aituated 
at  a,  iu  titii  orbit  under  the  arch  of  the  forehead,  and  near  tha 
outer  angle  of  tha  eye.  At  b  are  the  ducts  which  empty  the 
tears  iu  upon  the  surface  of  the  eye  on  the  inside  of  the  upper 
lid.  By  tne  constant  motions  of  iha  orgau  the  tears  are  difiiued 
over  its  whole  surface,  und  thus  continually  wash  the  eye.  The 
arrangemeDt  for  carrying  off  the  fluid  is  this.  It  flows  through 
a  tuBe,  d,  e,  into  the  noKo.  This  tube  ha»  at  its  beginning  m 
the  eya  two  branches,  e,  c,  which  open  on  the  edges  of  the  two 
lids  at  the  inuer  corner  of  the  eye.  These  open  mouths,  that 
drink  up  the  tears  as  they  flow  to  them,  you  can  very  readily 
see.  The  drain  of  the  eye,  which  thus  conveys  the  lachryraa.  ' 
fluid  to  the  nose,  is  ordinarily  capable  of  taking  care  of  all  the 
teara  thftl  the  gland  makes.  But  when  an  uncommon  amount 
is  raade,  as  in  weeping,  it  cannot  receive  all  the  tears,  and  they 
theretbro  overflow  their  banks,  the  edges  of  the  eyelids.  And 
BomelimeA  there  is  a  constant  overflow  from  obstruction  of  the 
drain  by  disease.  The  continual  weeping  of  the  eye,  when  this 
obstruction  exists,  will  give  you  some  idea  of  the  amouiil  of  fiuid 
which  the  lachrymal  gUnda  make. 

474,  Along  ou  the  edge  of  each  eyelid  are  some  veiy  sroaU 
glands  which  secrete  an  oily  substanca  This  serves  two  pur- 
poeea.  It  oils  the  eyelashes.  It  also  prevents  the  tears,  when 
,  they  are  only  in  ordinary  quantity,  from  being  diffused  over 
E  the  edges  of  the  eyelids  in  the  constant  motions  of  the  eye. 
This  exceedingly  small  quantity  of  oily  substance  suftices  to 
keep  the  tears  in  the  eye  where  Lliey  are  needed.  There  if 
also  a  curious  provision  for  directing  the  tears 
to  the  mouths  of  the  ducts  when  the  lids  are  '^'>-  '»>■ 

When  brokight  together  their  edges 

ich  a  manner  as  to  form  with  the 

Uie  eye  a  triangular  channel  for  the 

%  in.     This  is  made  clear  by  tha 

~     160,  in  which  the  line  b  rep' 

sa  of  the  eye,  and  u  the  edges 

iog  a  section  of  the  caual  be- 
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the  miod.  The  sonsatioD  of  seeing  ii,  therefore,  in  relation  to 
them  inconiplet« — the  begiuning  only  of  the  proceH  is  efiected. 
lliisyou  have  seen  to  be  true  in  the  ease  of  strabismus  or 
squinting.  The  faulty  eye  in  this  case  ia  not  used— the  mind 
taltea  no  ct^isauce  of  the  irnagce  formed  in  it  (S  453).  But 
it  ia  true  of  ordinary  vision  also,  thnt  tlie  mind  tuea  no  cogni- 
zance of  many  of  tiie  images  formed  on  the  retina.  TLis  can 
be  verified  by  a  simple  eiperiment  If  you  hold  a  finger  near 
the  eyes  (at  some  ten  or  twelve  inches  from  tliem),  and  a  fin- 
ger of  the  other  hand  at  a  greater  distance,  but  in  the  same 
direction,  and  then  look  at  the  near  finger,  you  will  perceive 
that  the  other  finger  appears  double.  So,  on  the  other  band, 
if  you  look  at  the  distant  finger,  the  near  one  appears  double. 
The  reason  of  this  can  be  made  clear  to  yon  by  Fig.  175.  The 
two  eyce,  L  and  R,  b^ng  direct- 
ed so  that  their  axes  converge  """  '"* 
on  the  object  A,  the  middle 
points  of  the  two  images  cor- 
reepond  witli  the  middle  poinCf 
of  the  retina  in  the  two  eyes,  a 
and  a'.  The  images  thus  cor- 
reeponding  in  their  place  on  the 
retina,  the  impressKins  carried 
firom  them  by  the  two  optic 
nerves  to  the  brMn  correspond 
also,  and  so  the  vision  is  single, 
lint  the  im^^  of  the  object  It 
is  fbrmed  in  the  two  eyes,  in 
parts  of  the  retina  that  do  not 
correspond,  b  and  b'.  They  are 
both  on  the  inside  of  the  mid- 
dle points,  a  a',  that  is  towards 
the  nose;  whereas  the  outward 
part  of  the  retina  in  one  eye 
corresponds  witli    the    inward ' 

part  in  the  other  eye,  and  vice  versa.  This  you  will  see  to  bo 
true  by  recurring  to  Fig.  171,  in  which  is  shown  the  way  in 
which  a  row  of  objects  is  pictured  on  the  retina  in  tlie  two 
eyes.  There  you  see  tbat  the  image  of  the  object  A,  for  ex- 
ample, is  in  the  left  eye,  L,  on  the  inner  side  of  the  middle  point, 
b  of  the  retina;  while  in  the  right  eye,  R,  it  is  at  the  outer  side 
of  the  middle  point,  b'.  In  tbe  case  of  the  obiect  B,  then,  in  F^. 
176,  it  ia  olear  to  you  that  tha  images  of  it  ra  tbe  two  eyes  aro  ' 
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Some  of  tb»  inuifn  oo  the  ratint  are  not  attended  by  the  mind. 


4|  formed  in  parts  of  the  retina  that  do  not  correspond,  and  there^F 
fore  it  appears  double. 

465.  The  application  of  all  this  to  the  point  in  hand  you 
can  readily  see.  As  the  images  of  all  objects  in  the  field  of 
vision  of  the  two  eyes  are  pictured  on  the  retina,  it  is  plain, 
according  to  the  facts  developed  above,  that  whenever  the  eyes 
are  directed  together  to  any  one  object,  other  objects  in  the 
same  direction,  but  at  a  different  distance,  must  make  images 
on  the  retina  in  the  two  eyes  that  do  not  correspond.  We  are 
therefore  continually  seeing  double,  so  far  as  that  part  of  the 
proceiss  of  seeing,  which  consists  in  the  formation  of  the  im- 
ages, is  concerned.  But  we  are  not  ordinarily  conscious  of 
seeing  double.  How  is  this  ?  How  is  the  difficulty  (for  it  is  a 
real  difficulty  in  the  eyes,  as  a  pair  of  optical  instruments,  aris- 
ing from  the  non-corresponding  images)  remedied  ?  It  is  done 
obviously  in  the  other  part  of  the  process  of  seeing,  the  mental 
part  The  mind  regulates  vision  by  the  varying  degrees  of 
attention  it  bestows  on  objects.  Ordinarily  it  does  not  attend 
to  non-corresponding  impressions  that  come  from  the  non-cor- 
responding images,  but  it  attends  only  to  those  which  are  corres- 
pondents As  in  squinting,  it  disregards,  as  you  have  seen,  the 
impressions  that  come  from  the  faulty  eye,  so  in  ordinary  vision 
it  disregards  many  of  the  impressions  that  come  from  both  of 
the  €^es.  By  an  effort  of  the  will  it  can  attend  to  the  impressions 
which  it  ordinarily  disregards.  When  this  effort  is  not  made, 
it  disregards  them,  as  we  may  say,  instinctively.  To  make  this 
obvious,  I  will  recur  to  the  experiment  with  the  two  fingers, 
held  at  different  distances.  When  you  first  attempt  the  experi- 
ment, you  do  not  for  the  moment  perceive  that  you  see  one 
finger  double,  because  yon  change  the  direction  of  your  eyes 
from  6ne  finger  to  the  other,  so  easily  and  so  unconsciously, 
that  you  seem  to  see  them  both  singly  at  once.  But  by  a  little 
mental  effort  you  fix  your  eyes  on  one,  at  the  same  time  attend- 
ing to  the  images  and  consequent  impressions  produced  by  the 
other,  and  then  the  experiment  succeeds.  From  all  this  it  is 
obvious  that  the  reason  that  you  do  not  see  very  near  objectB 
double,  when  looking  beyond  them  to  distant  ones,  or  see  distant 
ones  double  when  looking  at  near  ones  in  the  same  direction, 
is  simply  that  the  mind  ordinarily  attends  only  to  those  images 
and  impressions  which  are  correspondent,  while  it  with  an  ha- 
bitual instinct  disregards  those  which  are  not  so. 

466.  In  connection  with  this  subject  of  the  influence  of  mental 
attention  on  vision,  it  is  proper  to  Botice  the  foot,  that  vision  is  most 
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n  looking  at  a  r«al  do^  with  boUi  eyt»;  wbil 


either  oae  of  these  repreeenuuioiu  conuins  only  a  part  of  llustt 
linea.  You  am  imitate  iu  tome  good  dpgree  the  effect  of  th* 
stereoscope,  by  pUcing  the  end  of  a  small  book  between  tli«M 
figures,  and  letting  the  other  end  rest  agaiitn  the  nose  and  fara* 
head,  thun  sepamling  the  eyes  from  tach  other.  IT  now  yen 
look  intently  at  the  two  tigurea,  you  will  in  a  few  momeDta  find 
them  approiimale  «acb  other,  till  at  length  they  nuDglit  to- 
gether, and  yuu  will  B«e  but  a  single  dog  atandiDg  out  ]ik«  A 
statue.  The  same  thing  can  be  shown  by  mathematical  %ur«a. 
Thu;^,  if  two  figures  a  a,  represented  in  Fig.  173,  be  placed  in 


the  two  apartments  of  the  instrument,  on  looking  into  it  }«• 
will  see  a  single  ligure,  shaped  like  b.  You  can  imit«t6  tilt 
stereoscope  here  al:to,  by  placing  the  end  of  a  book  in  Midi  4'i 
way  as  to  cover  the  middle  Sgtire,  the  other  end  being  betweM 
the  eyes.  The  two  ligurea  will  run  together,  and  the  onioiL 
will  represent  the  figure  of  a  truncated,  four-sided  figure,  stan^ 
ing  out  in  bold  relieC  But  such  experimi-nW  afford  only  &  rwl^ 
imitation  of  the  stereoscope,  for  in  this  instrument  the  Mpar^ 
tion  between  the  eyes  is  entire,  so  that  the  effect  ia  pnMlioed 
at  once.  There  ia  no  running  together  of  the  two  figures,  but 
the  moment  that  you  look  into  the  instrument  tbey  are  bletidea 


balls  in  all  directions;  and  in  these  moTements  also,  as  Toa 
have  seen,  there  is  an  exact  correBpondence.  All  these  motions 
for  adjusting  this  complicated  machinery  within  and  around  the 
eyea,  are  regulated  hy  the  nerrea.  How  astonishing  the  accn- 
racf  nith  which  they  do  this !  How  exact  aie  the  diferont 
impressions  transmitted  throush  them,  in  producing  the  various 
degrees,  and  multiplied  comoinatioDS  of  action,  in  the  little 
mu^les  of  these  organs ! 

457.  There  ia  correspond  once  not  only  in  the  machinery  of 
the  eyes,  aa  optic.il  instrumcntA,  but  also  in  that  portJon  of  the 
process  of  seeing  which  is  not  mechanicAl.  The  nerves  of  vis- 
ion must  be  exactly  «>rrespondent  in  the  two  eyes,  that  simitar 
impressions  may  go  from  the  retina  to  the  brain  in  both.  And 
the  correspondence  1«  in  this^^ase  the  more  wonderful  &om  the 
fact,  that  the  impressions  transmitted  are,  as  you  have  seen, 
Dot  always  precisely  alike.  IIow  the  harmony  is  preserved  in 
connection  with  this  variation  is  a  great  mystery.  We  can 
readily  conceive  how  a  single  impression  can  result  in  the  mind, 
from  two  impressions  transmitted  to  the  brain  from  two  imt^^ea 
wliich  are  exactly  alike.  But  we  cannot  conceive  how  confu- 
sion can  be  avoided  when  the  images  and  the  consequent  impres- 
sions are  in  some  measure  different.  In  this  connection  1  will 
notice  a  peculiarity  in  the  arrangement  of  the  optic  nerves. 
They  are  not  entirely  sepHrate  as  they  go  from  the  eyes  to  the 
brain.  At  one  point  in  their  course  they  unite  together,  and 
then  separate  again.  In  doing  so,  some  fibres  from  both  the 
nerves  communicate  together,  and  some  cross  each  other,  so 
that  a  portion  of  each  nerve  passes  over  to  the  other  before 
they  go  to  the  brain.  Undoubtedly  this  arrangement  has  some 
reference  to  the  harmony  of  action  of  the  two  nerves,  but  we 
know  nothing  of  the  way  in  which  it  exercises  its  i^ency  in 
this  respect. 

45S.  The  power  of  perceiving  the  size,  distance,  and  figure  of 
objectd,  is  wholly  an  acquired  power.  The  case  already  referred 
to,  in  which  Chcselden  restored  the  sight  by  an  operation,  shows 
tlii.s  to  bo  true.  "  When  ho  first  saw,''  says  Cheselden  of  hii 
paUent,  "  he  was  so  far  from  making  any  judgment  about  dis- 
tances, that  he  thought  that  all  objects  whatever  touched  his 
eyes  (as  he  expressed  it,)  as  what  he  felt  did  his  skin,  and 
thought  no  objects  so  ngreunble  as  those  which  were  smooth 
and  regular,  though  he  could  form  no  judgment  of  their  shape, 
or  guess  what  it  was  in  any  object  that  was  pleasing  to  him. 
He  knew  nol  the  shape  of  any  thing,  nor  any  one  wdng  from 
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jou  would  see  in  looking  al  &  real  dog  with  botli  eyes;  while 
either  one  of  these  representations  conbuns  only  a  part  of  IheM 
linea.  You  cau  imitate  ia  some  good  degree  th&  effect  of  the 
Btereoscope,  by  placing  the  eud  of  a  small  book  between  these 
figures,  and  letting  the  other  end  rest  against  tlie  nose  and  fore- 
head, thus  separating  the  eyes  from  each  other.  I?  now  yon 
look  intently  at  the  two  figures,  jou  will  in  a  few  momeala  find 
tbem  approximate  each  other,  till  at  length  they  mingle  to- 
gether, and  you  will  see  but  a  single  dog  standing  out  like  a 
statue.  The  same  thing  can  be  shown  by  mathematical  figures. 
Thus,  if  two  figures  a  a,  represented  in  Pig.  173,  be  placed  in 


\  ^  / 
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the  two  apartments  of  the  instrament,  on  looking  into  it  you 
will  see  a  single  figure,  shaped  like  6.  You  can  imitate  the 
stereoscope  here  also,  by  placing  the  end  of  a  book  in  such  a 
way  as  to  cover  the  middle  figure,  the  other  end  being  between 
the  eyes.  The  two  figures  will  run  together,  and  the  union 
will  represent  the  figure  of  a  truncated,  four-sided  figure,  stand- 
ing out  in  bold  relief,  Bntsueh  experiments  afford  only  a  rude 
imitation  of  the  stereoscope,  for  in  this  instrument  the  separa- 
tion between  the  eyes  is  entire,  so  that  the  effect  is  produced 
at  once.  There  is  no  running  together  of  the  two  figures,  bnt 
the  moment  that  you  look  into  the  instrument  they  are  blended 


456,  The  harmony  which 


have  seen  to  exist  in  the  action 
e  eyes  is  very  wonderful.  It  must  be  remembered  thtt 
the  eyes  are  optical  instruments,  endowed  with  self-adjusting 
powers,  to  accommodate  the  different  distances  of  objects,  and 
the  varying  degrees  of  light.  And  thus  must  both  be  just 
alike  in  all  these  diversified  adjustments,  that  tlie  imagea  in 
both  may  correspond.  And  besides  all  this  adjusting  machinery 
inude  of  the  eyes,  so  delicate  and  so  correspondent  in  its  aotion 
in  both,  there  is  muscular  machinery  outside,  to  more  th«  ey» 
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balls  in  all  directjons;  and  in  these  moTomenta  a]»o,  aa  you 
have  seen,  there  is  an  exact  correspoodence.  All  these  motiooa 
for  adjasting  this  complicated  machinery  within  and  around  the 
eyes,  are  r^ulated  by  the  nerves.  How  aatonishins  the  aocn- 
racy  with  which  they  do  this  I  How  exact  ate  the  different 
impreasiona  transmitted  through  them,  in  producing  the  varions 
degrees,  and  multiplied  combinations  of  action,  in  the  little 
miLicles  of  these  orgnnsl 

457.  There  is  correspondence  not  only  in  the  mnchinery  of 
the  eyes,  as  optical  instruments,  but  also  in  tliat  portion  of  the 
process  of  seeing  which  is  not  mechanical.  The  nerves  of  vis- 
ion must  be  exsctly  correspondent  in  the  two  eyes,  that  similai 
impressions  may  go  from  the  retina  to  the  brain  in  both.  And 
the  correspondence  i'i  in  thislsase  the  more  wonderful  from  the 
fact,  that  the  impressions  transmitted  are,  as  you  have  seen, 
not  always  precisely  alike.  IIow  the  harmony  is  preserved  id 
connection  with  this  variation  ia  a  great  mptery.  We  can 
readily  conceive  how  a  single  impression  can  result  in  the  mind, 
from  two  impressions  transmitted  to  the  brain  from  two  im^ea 
which  are  exactly  alike.  But  we  cannot  conceive  how  confu- 
sion can  be  avoided  when  the  images  and  the  consequent  impres- 
sions are  in  some  measure  ditferent.  In  this  connection  I  will 
notice  a  peculiarity  in  the  arrangement  of  the  optic  nerves. 
They  are  not  entirely  sepsrate  as  they  go  from  the  eyea  to  the 
brain.  At  one  point  in  their  course  they  unite  tt^ther,  and 
then  separate  again.  In  doing  so,  some  fibres  from  both  the 
nerves  communicnte  t/igether,  and  some  cross  each  other,  so 
that  a  portion  of  each  nerve  jiasses  over  to  the  other  before 
they  go  to  the  hrain.  Undoubtedly  this  arrangement  has  some 
nferenoo  to  the  harmony  of  action  of  the  two  nerves,  but  we 
know  nothing  of  the  way  in  which  it  exercises  its  agency  in 
this  respect. 

458.  The  power  of  perceiving  the  siie,  distance,  and  figure  of 
objects,  is  wholly  an  acquired  power.  The  case  already  referred 
to,  in  which  Chesclden  restored  the  sight  by  an  operation,  shows 
this  to  be  true.  "  When  he  first  saw,"  says  Cheselden  of  his 
patient,  "  he  was  so  far  from  making  any  judgment  about  dis- 
tances, that  lie  thought  that  all  objects  whatever  touched  his 
eyes  (as  ho  expressed  it,)  as  what  be  felt  did  his  skin,  and 
thought  no  objects  so  agreeable  as  those  which  were  smooth 
and  regular,  though  be  could  form  no  judgment  of  their  shape, 
or  guess  what  it  was  in  any  object  that  was  pleasing  to  him. 
He  knew  not  the  shape  of  any  thing,  nor  any  one  thing  from 
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Want  of  pigment  in  the  choroid  of  tb«  albino.    The  ratina. 

color.  There  is  the  same  reason  for  having  the  chamber  of 
the  eye  of  a  dark  color,  as  for  having  that  of  the  camera  ob- 
Boura  so.  In  the  albino  there  is  a  deficiency  of  the  pigment  of 
the  choroid ;  and,  therefore,  in  a  bright  light  there  is  in  his  case 
a  defect  of  vision,  from  the  cross  reflection  to  which  I  havt 
alluded.  During  the  day  his  vision  is  very  indistinct ;  and  it  is 
only  when  twilight  appears  that  he  can  see  well,  or  with  com- 
fort. The  pigment  is  also  deficient  in  the  iris  of  the  albino ; 
and  the  bright  re<l  or  pinky  hue  of  the  iris  in  his  case  is  owing 
to  the  blood  in  the  minute  bloodvessels,  with  which  this  part 
is  so  well  supplied.  Those  animals  that  use  their  eyes  mostly 
in  daylight  have  the  pigment  of  the  choroid  of  the  darkest 
color ;  while,  on  the  other  hand,  those  that  need  to  see  most 
clearly  at  night,  as  the  owl,  either  have  none  of  this  pigment, 
or  have  it  of  a  very  light  color. 

444.  The  retina  is  a  soft  greyish  delicate  membrane,  formed 
chiefly  of  the  expansion  of  the  optic  nerve.  Here  the  images 
are  formed,  and  the  minute  fibres  of  nerve  in  this  membrane 
receive  impressions  from  these  images,  which  are  transmitted  to 
the  brain  by  the  trunk  of  the  ner\'o.  This  nerve  has  the  same 
relation  to  light  that  the  nerve  of  hearing  has  to  sound,  the 
nerve  of  smell  to  odors,  or  the  nerve  of  touch  to  the  qualities 
of  bodies  that  we  feel.  And  it  is  curious  to  observe  that  the 
termination  of  tlie  nerve  of  sight  on  the  surface  of  the  retina 
is  arranged  in  papillce,  just  as  the  terminations  of  the  nerves 
of  touch  are.     In  Fig.  107  is  representwl 

a  portion  of  the  retina  of  a  frog  magni- 
fi(Ki  three  hundred  times.  The  upper 
rows  of  papilla*,  which  are  without  dots, 
are  seen  siJewavs. 

445.  Tlie  superiority  of  the  eye,  as  an 
optical  instrument,  is  seen  in  a  striking 
manner  in  several  particulars,  in  which 
difficulties  and  defects  to  which  all  oj^ti- 

cal  instruments  are  liable  are  removed.  There  is,  for  example, 
a  defect  in  the  operation  of  lenses  in  optical  instruments,  which 
is  termed  spherical  aberration.  This  can  be  explained  on  Fig. 
168,  which  represents  a  lens,  L,  L',  with  some  of  the  rays  as 
they  pass  through  it.  Now  the  rays  R,  R",  R'",  are  brought 
to  a  focus  at  F;  while  the  rays  R,  L  and  R"",  L'  comiB  to  a 
focus  much  nearer,  at  /.  It  was  found  by  experiment,  that  if  the 
central  portion  of  the  lens  be  covered,  so  that  the  rays  R',  R" 
R'^',  cannot  pass,  a  distinct  image  will  be  formed  on  a  screen 


FIG.  167. 


put  at  t.  And,  on  the  other  hand,  if  the  outer  portion  of  the 
lens  be  covered,  bo  that  the  outer  rays  arc  intercepted,  then  the 
middle  raye,  R'  R"  R'"  will  form  an  imoge  on  a  screen  at  F. 
Bui  if  the  whole  lens  be  used,  no  distinct  image  is  formed,  wher- 
ever you  may  place  the  iicreen.  If  you  place  it  at  /,  it  trill 
receive  with  the  rayn  that  come  to  &  focus  there,  rays  that  have 
their  focus  at  F.     And  so  of  other  points. 

446.  It  is  in  view  of  such  experiments,  that  a  contrivance 
has  been  adopted  in  the  constnir.tion  of  telescope*  and  micro- 
Bcopes,  for  the  purpose  of  remedying  the  difficulty  above  de- 
scribed. What  is  culled  a  diaphragm,  or  ttop,  is  pnt  in  against 
every  lens.  It  is  a  pcrforaUd  partition  wliich  permits  tlie  light 
to  pass  only  through  the  central  portion  of  the  lens.  The  line* 
D,  I)',  in  Fig.  168,  cutting  off  all  rays  in  the  neighborhood  of 
R  and  R"",  show  tho  operation  of  the  stop.  In  the  eye  the 
iris  acts  as  the  diaphragm  or  stop  to  the  crystalline  lens  which 
is  behind  it,  as  you  can  see  by  recurring  to  Fi?.  IfiQ.  Ordina- 
rily, by  means  of  thin  ntop,  the  rays  pass  through  only  the 
central  part  of  the  lens. 

447.  Another  ditBculty  attending  the  operation  of  a  common 
lens  is  what  is  termed  chromatic  aberration.     Every  ray  of  white 


t  consists  of  a  mixture  of  r 


9  of  seven  different  colors. 
Some  of  these  colon  are  more  easily  redacted  than  others,  and 
therefore  on  passing  through  a  lena  will  come  to  a  focus  sooner. 
This  of  coarse  is  apt  to  make  some  concision  in  tho  color  and 
the  distinctness  of  objects,  when  seen  through  a  single  lens,  or 
through  several  if  they  are  alike.  The  difficulty  has  been  rem- 
edied, although  Sir  Isaac  Newton  thought  that  it  never  would 
be.  And  it  is  said  that  the  hint  of  the  remedy  was  taken  Irom 
the  airsngemeiit  of  the  eye.     At  any  rote,  the  defect  is  avoidfld 
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Adyoftment  of  tb«  eye  to  obrfects  at  dUbieot  dii 


by  having  lenses  made  of  different  materials,  just  as  is  the  case 
in  the  eye.  Thus  if  two  lenses  be  used,  one  of  which  is  made 
df  flint  and  the  other  of  common  glass,  the  difficulty  disappears. 
In  the  eye  it  is  perfectly 'avoided  by  the  passage  of  the  ray  a 
through  so  many  different  materials,  before  it  reaches  the  retina. 
The  stop  hiis  been  found  a  partial  remedy  in  the  case  of  optical 
instruments ;  and  the  iris,  the  stop  of  the  eye,  of  course  acts  in 
the  same  way.  But  the  full  remedy  was  not  found,  till  another 
step  was  taken  in  imitation  of  the  eye,  the  most  perfect  of  all 
optical  instruments. 

448.  Tliore  is  another  arrangement  in  the  eye,  which  the 
optician  can  imitate  only  in  a  comparatively  bungling  manner. 
It  is  th^tt  by  which  the  eye  adapts  itself  to  different  distances  in 
looking  at  objects.  If  we  look  through  a  telescope  at  a  near 
object,  and  then  turn  it  towards  one  at  a  distance,  we  cannot 
see  it  distinctly  until  we  adjust  the  lenses  to  suit  the  distance. 
But  in  the  eye  how  quickly  the  adjustment  is  made !  It  is 
done  ordinarily,  without  any  effort,  on  our  part  of  which  we  are 
conscious.  It  is  done  so  easily  that  we  do  not  think  of  the 
change.  Wu  look  at  an  obj(;ct  at  a  few  inches  distance,  and  in 
an  instant  turn  the  eye  and  see  an  object  afar  off  with  almost 
equal  distinctni^ss.  There  has  been  much  discussion  in  regard 
to  the  means  by  which  this  adjustment  is  effected.  One  of  the 
mean's  undoubtedly  is,  a  change  in  the  relative  position  of  the 
cr}T»talline  lens,  which  is  effected  by  the  muscular  libres  spoken 
of  in  §  438.  These  tibres  when  they  contract,  draw  the  lens  to- 
wards the  front  of  the  eye,  and  away  from  the  retina.  This  is 
done  whenever  we  look  at  a  near  object.  If  it  wore  not,  the  rays 
which  come  from  the  object,  as  they  diverge  considerably,  would 
not  be  brought  to  a  focus  when  they  reiich  the  retina.  The 
iris  also  has  some  agency  in  adjusting  the  eye  for  seeing  at 
diffiiront  distances.  When  the  eye  is  turned  to  a  near  object 
the  pupil  always  contracts,  thereby  shutting  out  those  rays 
coming  from  it  which  are  the  most  divergent 
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Diflleulty  in  the  nMMi«ht«d  and  Um  fkr-dfhtod. 


449.  In  some  cases  this  power  of  adjustment  is  counteracted 
by  defect  in  the  arrangement  of  the  eye.  Thus,  in  the  near- 
sighted^  either  the  cornea  or  the  crystalline  lens,  or  both,  are 
too  convex ;  or,  the  cr}'stalline  lens  is  too  far  from  the  retina. 
The  result  is,  that  the  rays  of  light  coming  from  a  distant  ob« 
ject  come  to  a  focus  before  they  reach  the  retina,  as  represented 
in  Fig.  169.  All  objecU,  therefore,  are  seen  indistinctly  except 
those  which  are  brought  near  to  the  eye.  This  defect  is  rem- 
edied by  the  use  of  a  concave  lens,  which  counteracts  the  effect 
of  the  too  highly  refractive  power  of  the  eye  by  making  the 
rays  divergent,  instead  of  parallel,  before  entering  the  eye.  By 
an  habitual  adjustment  of  the  eye  for  seeing  near  objects,  near- 
sightedness may  be  produced.  Hence  it  is  that  erigraTera, 
watch-makers,  students,  (fee,  are  so  liable  to  become  near  sighted. 

450.  In  the  far  sighted  the  difficulty  is  of  an  opposite  char- 
acter. The  refractive  power  of  the  eye  is  too  feeble.  This  is 
owing  either  to  too  little  convexity  of  the  cornea,  or  of  the 
crystalline  lens,  or  of  both ;  or,  to  too  great  nearness  of  the 
crptalline  lens  to  the  retina.  In  this  case  the  rays  coming 
from  a  near  object  do  not  come  to  a  focus  soon  enough.  The 
focus  of  the  rays  coming  from  any  point  of  the  object  is  behind 
the  retina,  as  seen  in  Tig.  170,  in  which  the  rays  from  two 
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points  are  represented  as  prolonged  till  they  meet  ^t  their  focus 
Dchind  the  retina.  This  defect  is  palliated  by  the  use  of  convex 
glasses.  It  is  quite  oommon  in  persons  who  have  passed  middle 
age ;  while  near-sightedness  appears  mostly  in  younger  persons, 
the  full  compliment  of  the  humors  of  the  eye  in  their  case 
making  the  front  part  of  the  organ  pronainent 

451.  There  has  been  much  discussion  of  the  question  why 
we  Boe  every  thing  in  its  reid  position,  while  the  images  of  ob- 
jects are,  as  you  hare  seen  in  8  439,  reversed  on  the  retina.  It 
has  been  supposed  by  some  that  we  really  see  every  thing  re- 
versed, and  that  our  experienoe  with  the  sense  of  touch,  in 
connection  with  thai  of  Tfamiy  iets  lu  right  in  this  particular. 
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employed.  It  has  been  fancied  that  BOmething  analogous  to 
nugnetjsiii  is  the  medium  of  coimectJon  in  such  caws,  and 
IiAnce  the  name  of  auimal  magnetism.  Thcouzb  tliis  medium, 
it  is  asserted,  that  thoughts  and  sensations  pass&om  one  person 
to  anotlier,  independent  for  the  most  part  at  least,  of  the  ordi- 
narjr  conditions  on  which  communication  depends.  The  phe- 
nomena have  been  presented  at  different  times  under  different 
phases,  and  the  theory  framed  to  account  fur  them  varies 
somewhat  from  time  to  time,  according  to  the  varying  char- ' 
ncter  of  the  phenomena,  and  the  tastes  and  imaginaboDs  of 
the  believers  in  this  go  called  science.  Amid  all  the  varioue 
forms  which  it  has  thu^  assumed,  with  its  corresponding  di' 
versity  of  names,  one  thing  lias  always  been  true  of  it,  vii., 
that  whenever  any  efficient  teats  have  been  applied,  it  is  shown 
to  be  a  large  superstructure  of  fklsittes  built  upon  a  very  few 
fects.  And  in  view  of  the  uniform  reaulta  of  these  tests,  wo 
may  confidently  say,  that  as  yet  there  has  been  no  satisfactory 
proo^  that  there  are  any  other  channels  of  mental  communi- 
cation, than  the  ordinary  ones  furnished  by  the  seiiaoB  and  the 
muscles.  Moat  minds  are  bewildered  by  the  strange,  and  some- 
times inexplicable  things,  which  appear  in  the  exhibitions 
which  they  witnew,  and  are  ready  to  adopt  any  plausible  ci- 
planation  which  may  be  offered.  But  some  simple  yet  scarch- 
mg  tests  have  thns  far,  whenever  applied,  always  sufficed  to 
expose  the  delusion. 

403.  In  illustration  of  the  manner  in  which  these  teets  de- 
molish the  lofty  pretensions  of  this  bo  called  science,  I  will 
g^ve  a  single  exiimple.  The  exhibitor  asserted  that  whatever 
was  in  his  mind,  realized  distinctly  and  vividly,  liad  its  image 
in  the  mind  of  the  subject  whom  he  magnetized,  l)y  means  of 
the  peculiar  connection  thus  estnblished  between  them.  Any 
decided  aensation,  therefore,  whtcli  ho  felt,  the  subject  felt  also ; 
and  if  he  fixed  his  thoughts  upon  any  thing,  the  subject  thought 
of  the  same  thing.  I  observed  that  whatever  was  said  by  the 
subject,  in  relation  to  any  sensations  or  thoughts  in  the  opera- 
tor, was  generally  in  reply  to  questions  on  the  part  of  the 
operator  hiniself.  And  as  these  questions  were  sometimes 
repeated  in  various  forms  before  correct  answers  could  be  ob- 
tained, I  suspected  that  the  information  requisite  for  the  answerg 
was  communicated  to  the  subject  in  this  way.  I,  therefore, 
proposed  to  the  exhibitor  to  try  some  experiments  witiout 
qutttiotu,  as  these,  according  to  bis  tlieory,  were  clearly  not 
neoewuy ;  for,  if  there  wara  auch  a  chaood  of  oommuniosdon 


(TOXNECTION  OF  THE  MIND  AND  THE  BODY.      829 

Mental  phenomona  of  animal  mefnetiim. 


between  his  mind  and  that  of  his  subject  as  he  asserted,  the 
aid  of  the  voice  was  not  required.  The  proposition  was  man- 
ifestly so  f;iir  an  one  that  he  could  not  refuse  to  comply  with 
it  But  his  experiments  performed  in  this  way  failed  altogether, 
and  the  audience,  caring  less  for  a  strict  search  for  truth  than 
for  the  continuance  of  their  amusement,  show^ed  little  relish 
for  the  interruption,  and  the  pseudo -scientific  exhibition  went 
on.  I  applied  other  tests  as  I  Lad  opportunity,  which  developed 
the  evidence  of  imposture  here  and  there  in  the  exhibition,  and 
though  many  sober  and  intelligent  citizens  were  deluded  with 
the  belief  that  they  had  enjoyed  a  rational  and  truly  scientific 
amusement,  I  had  no  doubt  that  th^  whole  was  a  piece  of 
jugjrlcry.  Tliere  was  one  feature  in  the  exhibition,  which  of 
itself  was  enough  to  condemn  it  as  a  ridiculous  imposture.  The 
operator*  claimed  to  have  a  sort  of  absolute  control  over  the 
subject,  so  that  at  will  he  could  hold  him  in  a  connection  with 
himself  so  insulated  that  no  impressions  could  be  imparted  to 
him  by  any  other  person,  and  yet  could  dissolve  this  connection 
and  put  him  into  connection  with  some  one  else,  with  as  much 
fjicility  as  a  locomotive  can  be  switched  off  from  one  track  on  to 
another.  And  ridiculous  as  this  shifting  of  mental  connections 
is,  this  was  quite  as  successful  with  the  audience  as  any  part 
of  the  exhibition.  • 

404.  Some  of  the  ])henomena  presented  in  the  exhibitions  of 
animal  magnetism  afford  interesting  illustrations  of  the  influ- 
ence exerted  upon  the  body  through  the  mind.     The  mental 
influence,  exerted  by  the  operator  upon  his  subject,  often  causes 
a  condition  of  the  nervous  ^stem,  which  is  analogous  to  som- 
nambulism, or  to  some  of  the  forms  of  hysteria.     The  manip- 
ulations practiced,  the  looking  the  subject  intently  in  the  eye, 
the  holding  of  a  piece  of  metal  in  the  hand  with  the  eye  fixed 
upon  it,  and  other  expedients,  help  to  produce  the  impression 
in  the  mind  of  the  subject,  tliat  a  mysterious  and  resistless  in- 
fluence is  coming  from  the  operator  upon  him,  and  is  stealii 
over  his  system.     It  is  not  strange  that  this  should  oocau 
such  physical  results  as  we  oflxsn  sec,  when  the  mind  and ' 
nerves  are  veir  susceptible.    This  is  the  simple  explanation 
all  that  is  positive  in  what  such  exhibitions  present  to  ns.    Th. 
is  no  such  thing  iis  a  magnetic  influence,  and  animal  magnetL 
is  a  misnomer. 

495.  The  state  of  nervous  system  often  produced  is  not  Jb* 
consistent  with  imposture  any  more  than  hysteria  ia. 
nen'ous  states  exhibited  by  this  disease  there  is  oftai 
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perversion  of  the  moral  mingled  with  that  of.  the  physical,  so 
there  is  also  in  the  state  produced  by  the  mental  mnuence  of 
the  magnetizer.  Accordingly  his  most  available  subjects  are 
women  found  here  and  there  in  every  community,,  who,  through 
this  mingled  moral  and  physical  perversion,  have  acquired  a 
permanently  morbid  state'  of  mind,  that  makes  them  like  to  be 
thus* petted,  and  to  be  the  wonder  of  a  gaping  multitude.  There 
is  often  in  the  exhibitions  of  animal  magnetism  self-imposition 
at  the  same  time  that  there  is  imposition  upon  others^  In  the 
case  of  travelling  exhibitors  there  has  always  been  collusion 
enough  to  stamp  the  character  of  jugglery  upon  the  exhibition. 
And  in  other  cases,  Where  both  the  operator  and  the  subject 
are  honest,  there  is  delusion  in  both,  and  they  impose  not  only 
upon  themselves,  but  upon  each  other,  as  well  as  upon  those 
that  witness  the  performance. 

496.  One  of  the  peculiarities  of  the  state  of  somnambulism 
which  is  induced  by  the  magnetizer,  is  the  ready  obedience  of 
the  mind  of  the  subject  to  suggestive  influences.  It  is  alive  to 
any  suggestions  which  come  from  the  mind  to  which  it  supposes 
itself  bound  by  a  magnetic  spell,  and  is  often  in  fact  shut  up  to 
influences  from  that  source  alone,  so  as  to  be  insensible  to  in- 
fluences from  any  other  quarter.  The  somnambule  is  possessed 
with  one  idea,  and  *that  an  all-absorbing  one,  because  invested 
with  such  mvstery.  His  insensibility  to  all  that  is  not  in  ac- 
cordance with  this  idea  is  to  be  accounted  for  in  the  same  way 
that  we  account  for  the  fact,  that  a  wound  received  in  battle 
IS  often  unfelt  till  the  excitement  ^^he  battle  is  over,  and  other 
similar  facts,  as  alluded  to  in  §  zK.  This  state  is  often  quite 
successfully  imitated  by  impostors ;  and  sometimes  there  is  a 
mixture  of  a  partial  real  somnambulism  with  imposture,  similar 
to  that  which  occurs  in  the  case  of  the  hysterical  condition. 
Of  course  when  this  mental  connection  is  so  easily  shifted  from 
the  operator  to  bystanders  as  was  described  in  §  493,  there  must 
be  sheer  imposture.  Whether  there  be  full  somnambulism  alone, 
or  this  in  a  partial  degree  and  mingled  with  deception,  the  in- 
fluence of  the  principle  of  suggestion  is  very  apparent  Nothing 
can  be  done  without  questions.  Leading  questions  surest 
ide^s  to  the  mind  of  the  subject,  and  an  audience  led  on  by 
love  of  the  marvellous  and  the  exciting,  are  readily  satisfied  by 
the  coincidences  that  occur  in  the  exhibition,  while  the  ^lures 
are  disregarded  and  forgotten. 

497.  In  the  state  of  somnambulism  induced  artificially  by 
the  Bo-called  magnetizer,  as  well  as  in  that  which  occurs  bom 
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other  causes,  there  is  often  an  exaltation  of  the  powers  of  the 
senses.  Thus,  sometimes  a  somnambule  can  read  through  en- 
velopes of  even  many  thicknesses,  from  an  exaltation  of  the 
sense  of  vision.*^  But  all  pretensions  to  reading  through  bodies 
that  have  no  pores  or  interstices,  as  metallic  substances,  or  to 
reading  from  other  parts  of  the  body,  as  the  pit  of  the  stomach, 
or  tlie  back  of  the  head,  are  impostures.  So  too  are  all  the 
pretensions  to  seeing  what  is  going  on  in  other  places,  or  inside 
of  the  body.  This  clairvoyance,  as  it  is  called,  has  precisely 
the  same  claim  upon  our  confidence  that  fortune  telling  has, 
and  no  more.  liieal  searching  tests  have  always  sufficed  to  ex- 
pose its  imposture. 

498.  I  have  introduced  the  above  views  of  what  is  generally 
called  animal  magnetism,  in  order  that  you  may  be  prepared  to 
apply  the  proper  tests,  whenever  such  popular  delusions  claim 
your  confidence.  I  have  introduced  them,  also,  because,  what- 
ever real  phenomena  do  appear  in  the  exhibitions  presented  to 
us  under  this  name,  afibrd  some  interesting  illustrations  of  the 
influence  of  the  mind  upon  the  body.  They  add  another  chap- 
ter to  our  view  of  the  mysterious  connection  of  the  physical  with 
the  spiritual,  secured  by  means  of  that  wonderful  apparatus,  the 
nervous  system.  It  is  from  this  consideration  merely  that  they 
claim  the  attention  of  the  physiologist  The  so-called  animal 
magnetism,  when  thoroughly  sifted  is  dissipated,  and  there  are 
left  as  a  residuum  only  a  few  phenomena,  which  offer  nothing 
particularly  new,  but  are  chiefly  interestin^from  their  analogy 
to  phenomena  with  which  we  were  already  familiar.  And  its 
boast  of  the  discovery  of  a  new  medium  of  mental  communica- 
tion is,  as  you  have  seen,  entirely  groundless. 

499.  In  the  Chapter  on  the  Nervous  System  I  spoke  of  the 
different  offices  of  the  different  central  organs  of  this  system. 
The  brain,  as  you  have  seen,  is  more  especially  connected  with 
the  mind,  and  is  the  great  instrument  through  which  mental 

*  Manv  of  the  statementa,  howerer,  of  such  caaea,  coald  baTe  been  found  ,lo  be 
false  if  the  proper  teeta  bad  been  applied.  The  failure  in  teatinf ,  ao  common  lo  tbMS 
casea,  1  wiH  exemplify  bj  a  aingle  caae,  which  made  aome  noiae  in  ita  time.  It  fa  A 
caw  reported  by  tk>l.  Stone  in  hia  famoaa  pamphlet.  He  gaTe  the  elainroyar*  ' 
aealed  pnctcet  with  a  very  odd  aentence  in  it,  wnich  ahe  read,  aa  the  Colonal  i 

Soaed,  without  openiofr  il.Mut  how  did  be  know  that  ahe  did  not  open  tba  pael 
imply  becauae  ahe  returfffd  it  to  him  a  day  or  two  after  apparently  In  tMB. 
state  as  he  gave  it  to  hc-r,  accompanied  with  a  copy  of  the  aentence  contaJoad 
it.    This  he  conaidered  good  proof,  but  it  ia  defecliTe  in  ita  moat  eaatotUU  P*^--^ 
If  she  could  read  the  paclcet  without  openiiic  it,  why  did  ahe  not  do  it  iu  his  jjFgi 
encel    There  is  not  a  panicle  of  eTideiiee  tliat  any  one  saw  her  do  H.    Tbatnt 
teat  was  an  easy  one,  but  it  was  not  applied.    There  ia  auch  a  tbinff  aa  aUU  iBOBMp 
ing  aeals  and  replacing  tbem  so  aa  to  avoid  detection,  and  antil  wa  have  pro^f^^S 
this  was  not  dona  wa  ar«  not  called  opoa  to  bellare  thai  tba  datarrojaiit  rmd  tnronp 
the  enTclopea. 
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manifestadons  are  made.  But  it  is  only  a  certain  part  of  the 
brain,  the  cerebrum^  a,  ¥\g,  72,  that  has  this  special  connection 
with  the  mind.  The  cerebellum,  6,  Fig.  72,  it  is  supposed,  is 
espedally  devoted  to  the  motions  of  the  bodj,  for  it  is  found  in 
animals  that  it  is  developed  in  proportion  to  the  range  and  va 
riety  of  motion.  From  extended  observations  on  this  point  in 
comparative  anatomy  there  seems  to  be  good  reason  to  conclude, 
that  the  cerebellum  is  the  great  central  apparatus  for  combining 
tHe  various  compound  motions  of  the  body.  It  is  uniformly 
found  to  be  larger  in  those  animals  tlfat  have  great  complica- 
tion in  their  muscular  movements,  than  in  those  in  which  these 
movements  are  of  a  simple  character.  Thus,  in  animals  whose 
most  complicated  motion  is  walking,  as  the  hoofed  quadrupeds, 
the  cerebellum  is  much  smaller,  than  in  those  animals  that  climb 
and  that  take  hold  of  things  with  their  paws.  In  man  it  is 
much  larger  than  in  any  other  animal,  for  he  walks  erect,  and 
thus  brings  into  action  a  very  large  number  of  muscles  in  this 
delicate  balancing  movement  (for  such  it  is),  and  then,  in  the 
individual  parts  of  ttie  body,  especially  the  hand,  he  executes  a 
great  range  of  very  complicated  movements.  It  is  more  devel- 
oped in  monkeys  and  apes  than  in  any  other  of  the  inferior 
animals,  because,  with  their  capability  of  extensive  variety  of 
posture,  and  their  power  of  seizing  objects  with  their  extremi- 
ties, they  obviouslv  come  nearer  to  man  than  any  other  animal 
in  the  varied  combination  of  their  muscular  action. 

500.  The  concliaions,  thus  arrived  at  by  comparative  obser- 
vations in  animals  have  been  confirmed  by  experiments.  It  has 
been  found  by  physiologists,  that  if  the  cerebellum  be  removed 
in  an  animal,  with  as  little  disturbance  as  possible  to  other  parts, 
although  the  sensibilities  remain,  and  motions  are  performed, 
the  power  of  combining  muscular  actions  in  definite  compound 
movements,  such  as  flying,  walking,  ^c,  is  lost. 

501.  These  conclusions  have  also  been  to  some  extent  con- 
firmed by  observation  of  the  phenomena  of  disease.  The  testi- 
moi^  from  this  source,  however,  has  not  as  yet  been  very  decided 
for  two  reasons.  First,  because  disease  in  the  brain  is  not  apt 
to  be  confined  to  one  portion  of  the  organ.  And  secondly  and 
chiefly,  because  we  have  not  had  a  sufiiciao^  number  of  observa- 
tions of  cases  on  this  point.  It  has  been  observed,  however,  in 
some  interesting  cases  of  chronic  disease  in  the  cerebellum,  that 
deficiency  in  the  performance  of  the  compound  movements  of 
the  body  was  a  prominent  symptom.  An  unsieadinesi  of  gait 
was  remarked  in  these  oases.    The  negaHve  testimony  whidi 
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disease  ^ves  us  in  regard  to  the  office  of  the  cerebellum  is  very 
conclusiv-e.  The  mental  plienomena  of  disease,  when  it  is  fast- 
ened upon  this  particular  portion  of  the  brain,  show  that  this  is 
not  that  part  of  the  organ  where  the  thinking  is  done. 

502.  It  is  chiefly,  as  you  see,  by  observing  the  different-  de- 
velopments of  the  nervous  system  in  various  animals,  in  con- 
nection with  the  different  functions  performed  by  this  system, 
that  we  can  discover  the  ilscr  of  its  different  i)art8.  In  pursuing 
oUservations  of  the  animal  kingdom  in  this  way,  we  find  a  more 
and  more  complicated  nervous  apparatus,  as  we  proceed  from 
the  lower  animals  up  to  man.  We  find  part  after  part  added, 
and  with  every  addition  of  a  part  we  find  new  functions.  And 
as  we  study  any  particular  part  in  relation  to  the  functions 
which  appear  as  connected  with  it,  we  see  that  these  functions 
are  prominent  in  proportion  to  the  amount  of  the  development 
of  the  part.  Thus,  as  before  stated,  we  find  the  size  of  the 
cerebellum  is  in  proportion  to  the  variety  and  complication  of 
motion  in  the  animal,  while  that  of  the  cerebrum  is  in  propor 
tion  to  the  amount  of  intelligence.  And  in  relation  to  the 
cerebrum  itself  we  find  that  the  amount  of  intelligence  depends 
on  the  amount  of  its  gray  portion,  the  vesicular  substance.  In 
man,  therefore,  this  part  of  the  cerebrum  is  very  much  greater 
than  it  is  in  any  other  animal.  It  is  the  difference  in  the  amount 
of  the  gray  substance  which  constitutes  the  grand  distinction 
between  the  brain  of  man,  and  that  of  any  of  the  higher  orders 
of  animals,  for  in  all  other  respects  his  brain  differs  very  little 
from  theirs. 

503.  In  looking  at  representations  of  the  brain,  as  in  Fig.  74, 
it  would  seem  at  fir^^iew  that  the  gray  substance,  the  working 
part  of  the  cerebrum,  is  much  less  in  amount  than  the  white 
portion,  which  serves  only  for  transmission.  But  this  is  not  so. 
The  eye  is  deceived,  because  the  white  substance  is  all  together 
in  one  central  mass,  while  the  gray  substance  is  sprea!!  out  in 
an  external  layer.  This  is  very  plainly  illustrated  by  Fig.  184. 
Here  the  area,  a,  contained  in  the  inner  circle,  strikes  the  eye  as 
bcii\g  larger  than  the  area,  6,  incljuded  between  the  two  cudeii 
and  yet  these  areas  are  precisely  eouaL 

504.  Observe  for  a  moment  in  tnis  connection  the  concnrrent 
evidence,  by  which  we  determine  what  the  function  of  tlie  mf 
substance  of  the  brain  is.  It  comes  from  two  sonroes.  The 
first  is  that  which  is  furnished  te  us  by  the  structure  of  the  oer^ 
brum.  As  stated  in  g  206  and  §  232,  the  gray  portion  k. 
made  up  of  cells,  while  the  white  portion  is  composed  of  ^ 
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These  tubuli  are  suoh  as  we  find  in  the  nerves,  and  in  fact  are 
continuous  with  them.  We  very  properly  infer,  therefore,  that 
as  the  nerves  serve  only  for  transmission,  the  white  part  of  the 
brain  does  the  same.  Is  has,  therefore,  nothing  to  do  with  the 
thinking,  and  yet  this  we  know  from  other  facts,  (§  477  and 
499,)  is  done  in  some  part  of  the  cerebrum.  So  we  infer 
necessarily  that  it  must  be  done  in  the  gray  substance.  And 
here,  to  confirm  the  truth  of  this  inference,  comes  in  one  other 
source  of  evidence,  viz.,  the  comparison  between  different  ani- 
mals in  regard  to  the  correspondence  between  the  amount  of 
the  gray  substance  and  the  amount  of  intMigence.  This  I  re- 
marked upon  in  §  502,  and  need  not  dwell  upon  it  farther. 

505.  Tnis  dependence  of  the  mental  faculties  upon  the  gray 
substance,  the  outer  part  of  the  brain,  seems  to  give  some  coun- 
tenance to  the  doctrine  of  phrenology.  But  there  is  no  evidence 
from  an  examination  of  this  substance  that  it  is  arranged  at  all 
in  separate  organs,  as  instruments  or  seats  of  different  faculties. 
And  all  the  facts  which  have  been  collected  in  regard  to  the 
external  conformation,  as  indicating  the  comparative  prominence 
of  different  organs  with  their  faculties,  go  to  snow,  when  properly 
examined,  that  the  mapping  out  of  the  brain  which  phrenology 
does  so  definitely  is  altogether  a  fiction.  The  question  in  re- 
gard to  this  18  wholly  a  question  of  evidence.  Por  although 
we  can  aee  no  division  of  the  cortical  substance  .into  oigans,  jti 
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if  the  pretensions  of  phrenology  in  regard  to  the  results  of  the 
external  examination  of  heads  are  well  founded,  we  must  ac- 
knowledge such  divisions  to  exist,  though  even  the  microscope 
cannot  reveal  to  u^ their  boundaries. 

4O6.  It  would  lead  me  into  too  long  a  discussion  to  examine 
fully  the  e\ndence  in  regard  to  these  pretensions  of  phrenology. 
Besides  stating  the  general  fact,  that  the  failures  in  describing 
mental  and  moral  character  from  external  examinations  of  the 
head  are  such,  when  the  examination  is  conducted  fairly,  as  to 
exhibit  the  falsity  of  these  pretensions,  I  will  only  allude  to  one 
or  two  particular  facts,  and  dismiss  the  subject.  In  the  phre- 
nological map  of  the  cranium  there  are  located  some  half  a 
dozen  organs  along  in  the  region  of  the  eyebrows.  Now,  you 
will  remember  that  the  frontal  sinus  extends  along  in  this  lo- 
cality. This  sinus  varies  very  much  in  size  in  different  individ- 
uk\s.  It  is  obvious,  therefore,  that  an  external  examination 
can  give  us  no  accurate  idea  of  the  quantity  of  brain  in  that, 
locality.  Take  another  point.  Phrenologists  have  always  in- 
sisted that  there  was  the  most  positive  evidence,  from  examina- 
tions of  the  head  in  man  and  in  animals,  that  certain  Acuities 
or  propensities  have  their  organs  in  the  locality  where  the 
cerebellum  lies.  But  all  this  mass  of  vaunted  evidence  is  swept 
away  by  the  discovery  stated  in  §  499,  that  the  cerebellum  is 
chiefly  concerned  in  effecting  the  compound  motions  of  the  body. 
I  might  go  on  to  examine  in  this  way  the  rest  of  the  evidence 
adduced  in  favor  of  the  truth  of  phrenology,  and  show  that 
thepe  is  no  satisfactory  evidence  of  the  correct  localization  of  any 
one  of  the  organs  paraded  with  such  definiteness  on  the  craniu 
map  of  this  so  called  science.  But  it  would  occupy  too  much 
space. 

507.  The  only  fact  which  seems  to  give  any  countenance  to 
phrenology  is  that  general  fact,  which  is  matter  of  common  ob- 
servation, that  the  front  and  upper  portion  of  the  brain — ^that 
which  occupies  the  forehead — is  commonly  developed  in  pro- 
portion to  the  development  of  the  intellect  This  would  seem 
to  show  that  the  intellectual  faculties  have  their  seat  in  thk 
part  of  the  brain.  But  it  is  far  from  proving  this  to  be  so* 
For  it  may  be,  that  a  general  enlargement  of  Uie  cerebrum  is- 
for  some  reason  accommodated  by  having  the  forehead  enlarged^ 
in  preference  to  other  portions  of  the  cranium.  For  it  is  evideiDi" 
that  a  brain  which  is  larger  alike  in  all  its  parts  than  asQil, 
can,  as  it  is  a  soft  yielding  organ,  be  equally  well  accommodatedi 
whether  the  cranium  be  made  of  unusual  size  in  only  one  dirar 
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lion,  or  in  all  directions.  The  fact  that  in  the  child  the  forehead 
is  more  prominent  than  in  the  adult,  is  inconsistent  with  the 
supposition  that  the  intellect  has  its  seat  especially  in  the  front 
part  of  the  brain,  for  the  child  has  more  of  the  instinctive  and 
less  of  the  intellectual  than  the  adult.  I  may  remark  in  Hus 
connection,  that  the  phenomena  presented  by  injuries  and  by 
disease  in  this  part  of  the  cerebrum,  have  not,  as  thus  far  ob- 
served, seemed  to  show  that  it  is  the  peculiar  seat  of  the  intel- 
lectual faculties. 

508.  The  size  of  the  anterior  portion  of  the  brain,  above  re- 
ferred to,  may  be  estimated  by  the  measurement  of  the  facial 
angley  so  termed,  proposed  by  Camper,  a  Dutch  naturalist. 
This  angle  is  formed  by  drawing  two  lines  as  represented  in 
Figures  185  and  186.    The  line,  a,  6,  is  drawn  from  the  most 


FIG.  IBS. 


prominent  part  of  the  forehead  to  the  front  of  the  upper  jaw. 
The  line,  c,  cf,  is  intended  to  represent  the  line  of  the  base  of  the 
brain,  and  runs  from  the  orifice  of  the  ear  along  on  the  floor  of 
the  cavity  of  the  nose.  It  is  manifest  that  the  less  prominent 
is  the  forehead,  that  is,  the  less  brain  there  is  in  the  front  part 
of  the  head,  the  more  acute  will  the  angle  be  that  is  formed  by 
these  lines.  In  Fig  186,  which  represents  the  skull  of  a  negro, 
this  angle  is  more  acute  than  in  the  skull  of  the  European,  Fig. 
185.  In  animals  this  facial  angle  is  much  more  acute  than  in 
man.  In  the  monkey  tribe  it  varies  from  65°  to  30®,  while  in 
man  its  average  is  about  75®.  The  ancient  Greeks,  wishing  to 
give  the  aspect  of  great  intellectual  superiority  to  their  statues 
of  deities  and  heroes,  made  it  in  them  as  high  as  90®. 

509.  It  is  proper  to  remark  here,  that  while  it  is  clear  that» 
as  a  general  rule,  the  amount  of  intellicence  is  to  son^  extent 
proporaoned  to  the  amount  of  the  cerebrum,  both  in  man  and 
m  animalsy  the  role  ia.not  an  invariable  one.    Sine  is  fiur  from 
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being  tbe  only  measure  of  power  in  this  case.  What  differ- 
ences there  may  be  in  intimate  structore,  to  compare  with  the 
mental  difForenccs,  we  know  not.  Even  where  the  rule  stated 
above  liolds  good,  the  difference  in  mere  bulk  is  far  from  being 
proportionate  to  the  mental  difference.  The  mind  of  a  Newton 
or  a  Shakspeare  is  gigantic  compared  with  any  common  mind, 
but  the  brain  in  such  cases  is  not  very  much  larger  than?ordi<- 
nary  brains. 

510.  In  relation  to  the  evidence  drawn  from  a  comparison 
between  different  animals,  in  regard  to  the  .functions  of  the 
nervous  system,  there  is  one  significant  l&tct  which  must  not  pass 
unnoticed.  Though,  as  we  rise  in  the  scale  of  animal  life  in 
our  observations,  we  find  every  now  addition  of  functions  coupled 
with  some  new  additions  of  structure,  until  wo  come  to  the 
higher  animals,  we  do  not  find  this  to  he  so  when  we  pass  from 
them  to  man.  The  brain,  it  is  true,  is  larger  in  man  than  it  is 
in  them,  and'  has  much  more  of  the  gray  substance ;  but  there 
are  no  essential  differences  of  structure  in  his  brain,  to  corres- 
pond with  the  added  mental  qualities  which  so  decidedly  dis- 
tinguish him  from  the  brutes.  These  qualities  constitute  some- 
thing more  than  a  difference  of  degree.  It  is  a  difference  of 
kind.  And,  therefore,  it  is  a  great  and  a  significant  fact,  that 
there  is  no  corresponding  difference  of  kind  in  the  organization 
of  the  brain. 

511.  The  qualities  to  wHich  I  refer  I  have  alluded  to  in  the  first 
part  of  this  book  {§  40).  They  are  possessed  by  every  hu- 
man being  to  some  extent,  however  debased  he  may  be; 
and,  on  the  other  hand,  they  are  never  possessed  by  any  of  the 
inferior  animals,  however  high  their  mental  manifestations  may 
be,  and  however  much  they  may  be  improved  by  training. 
Though  there  be  so  wide  a  distance  between  such  minds  as 
Newton,  find  Milton,  and  Shakspeare,  and  the  lowest  representa- 
tive of  our  race,  yet  in  him  are  contained  the  elements  of  the 
excellence  to  which  they  arrived.  But  no  one  dare  assert  this 
to  be  true  of  the  very  wisest  of  the  inferior  animals. 

512.  The  distinction  between  man  and  animals  is  a  definite 
one.    It  is  as  definite  as  it  would  be  if  it  were  based  upon  dif 
ence  of  organization.     The  barrier  is  fixed ;  and  not  a  step 

it  has  any  animal  advanced,  with  all  the  training  whio 
have  been  expended  upon  him.    No  animal,  however  in 
has  his  intercourse  been  with  man,  has  ever  aoqiuired* 
habit  of  abstract  reasoning,  or  manifested  any  real  kDO% 
of  the  difference  between  right  and  wrong.    Prot  G-ajQ^ 
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Dot  speak  too  strongly  when  he  aa^  "I  will  even  go  further  * 
than  IS  ordiniu-ily  done,  and  I  will  saj,  that  there  is  an  imptuur 
ble  chasm  between  the  mineral  and  the  plant,  between  the  nlnnt 
and  the  animal;  an  iinparitabtt  ehamt  between  the  animal  and 
«iMn."  Surely  if  the  iitipossable  chasm  between  minerals  nnd 
T^;etable8,  and  that  between  vegetables  and  animalu,  are  worthy 
of  nfite  when  we  take  a  comprehensive  view  of  the  material 
world,  so  also  is  that  which  is  much  more  manifest  as  exiitting 
between  animals  and  man.  When,  therefore,  the  cornparativa 
physiologist,  in  his  oxaminstion  of  mental  manifestations  in  con- 
nection with  physical  developments  finds,  as  ho  comes  to  man, 
that  in  him  are  {lecuiiitr  and  distinctive  mental  manifestations 
with  no  corresponding  physical  developments,  he  shoald  deem 
it  to  be  an  important  fact  in  science,  which  should  not  be  slurred 
over,  or  passed  unnoticed,  as  is  often  the  case.  I  nbnil  allude 
to  certain  bearings  of  this  fact  in  another  p:irt  of  this  chapter. 

61.1.  In  looking  at  the  f^tcts  presented  in  this 'chapter  and 
in  that  upon  the  Nervous  System,  you  must  have  been  contin- 
ually struck  with  the  intimacy  of  the  union  between  the  mind 
and  the  body.  On  this  subji-ct  I  thus  remark  in  another  work. 
"There  are  various  figures  used  to  illustrate  this  connection. 
The  most  common  one  is  tliat  in  which  the  mind  is  spoken  of 
as  dwelling  in  the  body  as  a  habitation.  In  a  certain  sense 
this  is  true.  This  tabernacle  of  flesh,  as  the  Bible  aptly  terms 
it,  is  in  its  present  state  a  habitation,  which  the  mind  is  to  leave 
in  a  short  time,  to  return  to  it,  however,  at  length,  rebuilt  and 
refitted  in  a  more  glorious,  an  incorruptible  form,  to  dwell  in  it 
then  forever.  But  this  illustration  of  the  mysterious  connec- 
tion, of  the  mind  with  the  body  b  but  a  partial  one — it  doea 
not  express  the  extent  nor  the  intimacy  of  that  connection, 
l^e  mmd  is  not  a  mere  dweller  put  into  tliis  habitation.  Its 
anion  with  it  is  not  thus  loose  and  easily  severed.  It*is  bound 
to  its  every  nerve  and  fibre,  so  that  the  least  touch  of  the  body 
at  any  point  aficcta  the  miud.  Instead  of  being  put  into  the 
body,  it  has,  being  thus  interlaced,  as  we  may  xay,  fibre  with 
fibre,  grown  with  its  growth  and  strengthened  with  its  strength. 
In  the  feebleness  of  in&ncy  the  mind  is  juat  as  feeble  as  the 
body,  and  they  both  grow  ti^ther  up  to  the  vigor  and  firmneaa 
of  manhood,  and  boSi  decline  together  in  old  age.  So  close  i* 
their  union  through  all  the  stagea  of  life,  and  so  equally  is  each 
aSbcted  by  the  joys  and  sufferings  of  the  other,  that  we  might 
jnitly  oonclnde  tliat  at  death,  when  the  tabernacle  cmmWei 
mto  diut,  the  mind  folli  with  it  never  to  rise  again,  had  not » 
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divine  revelation  told  us  that,  indissoluble  as  this  connection 
appears  during  life.  Almighty  power  will  dissever  it,  and  release 
the  soul  from  the  thousand  ties  that  bind  it  to  its  habitation,  at 
the  very  moment  of  its  destruction.  Were  it  not  for  this  assur- 
ance of  our  immortality,  we  could  look  forward  in  the  uncertain 
future  to  nothing  but  blank,  drear  annihilation,  as  awaiting  our 
minds,  just  as  it  does  the  minds  of  the  brutes  that  perish. 

514.  In  our  carefulness  to  avoid  materialism,  we  are  Ux>  apt 
to  look  upon  the  mind  and  the  body  as  two  separate  and  inde- 
pendent things.  At  death  they  do  indeed  become  so,  but  who 
of  us  knows  that  they  would,  were  it  not  for  \h^fiat  of  the  Al- 
mighty ?  Who  knows  that  there  is  not  a  necessity  for  the 
putting  forth  of  his  power  in  each  individual  case  at  the  time 
of  death,  to  prevent  the  mind  of  man  from  dying  with  his  body, 
Just  as  the  mind  of  the  brute  docs  with  his  ?  The  very  preva- 
lent notion  that  the  mind  is  essentially  indestructible,  ana  that 
it  is  put  into  the  body  as  a  separate  thing,  having  the  power 
of  itself  to  leave  the  body  whenever  it  dies,  rests  08  no  sub- 
stantial proof.  That  it  is  destined  thus  to  leave  the  body  is 
quite  another  thing."* 

515.  The  nature  of  the  connection  of  the  mind  and  the  body 
is  a  great  mystery.  Still,  there  are  many  things  which  we  can 
know  in  relation  to  it.  The  sources  of  our  knowledge  on  this 
subject  are  three,  viz.,  the  investigations  of  Physiology^  the  tes 
timony  of  Consciotisness,  and  tiiat  of  Revelation.  ■  Each  of 
these  kinds  of  evidence  throws  light  upon  the  others.  If, 
therefore,  we'  use  all  of  them,  giving  to  each  its  due  limits  and 
force,  we  shall  come  to  some  certain  and  valuable  conclusions. 
But  if  we  take  any  one  of  them  alone,  we  shall  be  liable  to  be 
led  into  gross  error. 

516.  There  is  in  some  physiolo^ts  a  disposition  to  rely  upon 
physiology  alone,  to  the  exclusion  of  the  other  sources  of  evi- 
dence, in  the  investigation  of  this  subject.    In  doinff  this  they 
are  driven  to  this  alternative.    Either  they  must  he  oontA*** 
with  a  very  limited  knowledge  of  the  subject^  or  they  miii<^' 
upon  mere  presumptive  evidence  for  many  of  their  oonola 
And  commonly  the  latter  is  the  course  which  they  pi 
They  are  not  content  with  the  very  limited  oonduioiiBto  ¥ 
they  are  shut  up  by  the  absolute  proof  furnished  by  phjK 
They  boldly  reason,  therefore,  upon  what  they  deem'M 
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probable.     And  thej  are  invariably  led  into  error.     This  I  pro- 
poee  now  to  show. 

517.  In  order  to  get  definite  ideas  of  the  manner  in  which 
the  erroneous  conclusions  are  arrived  at,  let  us  view  matter  in 
its  various  states  and  connections.     Unorganized  dead  matter 
you  see  to  be  entirely  different  in  some  important  respects  from 
living  organized  matter.     The  distinction  is  a  definite  one.     It 
is  easily  recognized,  and  none  but  dreamers  in  science  have 
failed  to  see  it.    Though  Robinet  and  others  of  his  class  have 
sought  to  obliterate  it,  in  carrying  out  their  fanciful  noUons, 
(§  48,)  and  though  some  have  supposed  that  there  was  a  latent 
life  in  all  unorganized  matter,  ready  to  be  called  into  action  on 
the  application  of  the  appropriate  excitants,  it  is  considered  by 
all  rational  observers  as  a  settled  point,  that  there  is  an  essential 
distinction  between  common  dead  matter  and  living  matter. 
The  latter  is  endowed  with  certain  properties  that  the  former 
has  not.     They  are  termed  vital  properties.     They  control  to  a 
certain  ettent  the  mechanical  and*  chemical  properties  which 
both  forms  of  matter  have  in  common.     Some  suppose  that 
what  we  call  life  is  a  single  principle ;  but  others  suppose  the 
endowment  to  be  compound,  made  up  of  different  principles  or 
properties.     But  this  question  wo  need  not  discuss.     All  that 
concerns  the  view  I  am  presenting  is  the  mere  fact  of  the  en- 
dowment. 

518.  Let  us  go  a  step  farther.  Some  living  beings  have  more 
endowments  than  others.  All  have  tliose  of  organic  life  in 
common  (§  32).  But  there  is  an  animal  life  also,  which  by 
means  of  the  nervous  system  is  superadded  to  the  organic 
And,  as  we  trace  the  animal  kingdom  from  the  lowest  animal 
up  to  man,  we  find  the  endowments  connected  with  this  system 
multiplied  as  we  advance,  till  in  him  they  are  more  complicated 
and  extensive  than  in  any  other  animal.  Tliis  is  especially  true 
of  intellectual  endowments,  those  which  are  merely  instinctive 
being  more  developed  in  many,  perhaps  we  may  say  most,  of 
the  inferior  animals.  And  in  man  we  find  special  mental 
endowments,  of  which  other  animals  present  not  the  faintest 
trace. 

519.  Now  the  question  arises,  whether  intelligence  is  like 
life,  a  mere  endowment  of  matter,  or  whether  it  is  in  some 
measure  independent  of  it.  In  other  words,  whether  it  is  a 
principle  or  set  of  principles  with  which  matter  is  endowed,  or 
an  immaterial  something  which  acta  through  matter  as  its  in- 
strument   How  much  doee  bare  physiology  teaoh  ns  on  this 
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question  ?  ^  It  has  often  been  claimed  that  it  can  teach  us  much, 
and  the  most  bold  conclusions  have  sometimes  been  ventured 
from  this  quarter.  But  mere  speculation  has  in  all  such  cases 
been  deemed  to  be  proof.  Physiology  does  show  us,  as  I  have 
before  said,  that  the  spiritual  is  in  this  world  always  connected 
with  the  material,  and  that  mind  never  acts  independently  of 
the  matter  with  which  it  is  connected  in  the  brain.  But  it 
giv<»s  us  no  light  upon  the  nature  of  this  connection.  It  is 
well  for  us  to  know  how  deficient-are  its  teachings  on  this  point. 
For  all  that  it  can  teach  us,  we  know  not  but  that  the  mind 
may  be  a  mere  result  of  action  in  matter.  It  neither  tells  us 
that  it  is  so,  or  that  it  is  not.  It  leaves  us  cntirelv  in  the  dark 
on  this  point.  Indeed  so  far  as  it  affords  presumptive  evidence, 
it  appears  to  teach,  that  mental  phenomena  are  results  of  mat- 
ter, ixcting  in  consequence  of  certain  endowments  or  tendencies 
imparted  to  it,  just  as  secretion  is  in  living  substances,  or  chem- 
ical action  in  those  which  are  not  living.  Accordingly  those 
who  have  relied  upon  physiology  alone  on  this  subject,  have 
adopted  various  forms  of  materialism.  Some  have  supposed 
that  thought  is  a  mere  product  of  matter,  and  that  the  brain 
secretes  it  as  the  liver  secretes  bile.  Others  have  taught  that 
the  mind  is  **  a  bundle  of  instincts,''  each  residing  in  some  par- 

I  ticular  part  of  the  brain  as  its  organ.     This  has  been  the  doc- 
trine of  some  prominent  plirenologists. 

520.  Let  us  look  at  living  matter  in  another  point  of  view, 
and  see  to  what  physiology  alone,  if  at  all  venturesome  in  draw- 
ing conclusions,  will  lead  us.  Let  us  look  at  the  origin  and 
growth  of  the  thinking  animal.  Take,  for  example,  an  animal 
tie  formation  of  which  we  traced  in  the  Chapter  on  Cell-Life, 
§  210.  The  bi'ginning  of  the  bird  as  it  forms  in  the  e^  is  a 
simple  cell  filled  with  a  fluid.  This  produces  other  cells,  and 
soon  the  organs  and  the  limbs  of  the  animal  are  formed.  At 
length  the  animal  bursts  the  shell,  and  comes  out  not  only  a 
living  and  sentient  being,  but  a  thinking  being.  It  has  a  mind 
which  feels  desires  and  emotions,  and  prompts  the  muscles  to 
action  to  effect  its  purposes.  Organization  here  precedes  the 
development  of  mind  so  fiu*  as  we  can  see,  and  therefore  it  would 
seem  that  mind  is  a  result  of  organization.  Especially  do' 
this  appear  to  be  so,  when  we  find  that  the  amount  of  mind 
different  animals  is  proportioned  to  the  amount  of  a  certain  j 

-^  of  the  organization,  the  brain.  All  tihis  is  as  true  .of  man  a 
is  of  other  animals.  And  besides,  we  see  in  man  thai  as  ' 
organization  becomes  perfected,  the  intelligence  is  prppoitio 

29* 


342  HUMAN  PHYSIOLOGY. 

,Actioo  of  fonnativ*  veMob  like  initiiict,  and  em  intollifmM. 


blj  increased.  In  infancy,  when  the  organization  of  the 
is  imperfect,  the  intelligence  is  small  in  amount,  and  |;row8  with 
the  growth,  and  strengthens  with  the  strength  of  the  brain. 
And  as  the  mind  thus  grows  with  the  body,  it  appears  to  perish 
with  the  dissolution  of  the  organization,  and  in  toe  case  of  the 
inferior  animals  undoubtedly  does  so. 

521.  But  it  may  be  said,  that  the  physiologist  obsenres  that 
the  mind  designs,  and  devises  means  to  carry  out  its  designs,  and 
this  shows  that  thiTC  is  an  immaterial  principle  that  moves  the 
machinery  of  the  matc^rial  organ iztition.     This  is  a  plausible 
view  of  the  subject,  but  it  is  only  plausible.     Physiology  alone. 
cannot  prove  it  to  be  a  correct  view.     For,  if  we  limit  ourselves 
to  her  teachings  alone,  it  can  be  made  to  appear  by  the  same 
line  of  argument,  that  mind  is  at  work  in  all  the  phenomena 
that  we  see  in  living  beings.     In  the  formation  of  any  part,  as 
you  saw  in  §  1 63,  in  the  Chapter  on  Formation  and  Kepair, 
the  formative  vessels  work  after  a  fixed  plan,  and  co5perate  to- 
gether to  accomplish  the  object     They  seem  to  act  intelligently^ 
as  if  they  had  a  mind  by  which  they  designed,  and  devised 
means  for  carrying  out  their  designs.     And  the  formative  and 
otlier  vessels  thus  act  together,  proportidhing  means  accurately 
to  ends,  not  only  under  fixed  and  regular  circumstances,  but  they 
do  so  under  varying  circumstances,  to  meet  exigencies.     Thus,    ^ 
when  an  artery  supplying  a  limb  is  tied,  §  169,  the  formative  ves- 
sels enlarge  tlie  arteries  in  the  ncigliborhood,  in  order  that  the 
blood  may  be  supplied  to  the  limb  in  suitable  quantity.     That  is^ 
they  construct  afUtr  a  larger  pattern  to  meet  the  new  want,  just 

as  if  they  were  informed  of  it  and  acted  accordingly.  Take 
another  exaTn])le  afforded  by  the  formation  and  discharge  of  an 
abscess,  as  described  in  §  170.  In  this  cjise,  as  the  abscess 
forms,  various  operations  are  going  on,  with  different  sets  of 
vessels  cooperating  together  to  effect  a  common  purpose.  And 
when  the  abscess  has  made  its  way  to  the  surface,  and  dis- 
charged itself  at  an  outlet,. a  change  comes  over  the  operations, 
in  order  to  restore  the  part  to  its  usual  state.  The  different 
vessels  accommodate  themselves  to  this  change,  as  if  they  were 
intelligent  workmen,  acting  in  conformity  to  a  design  or  plan 
of  their  own,  upon  which  they  had  agreed.  Other  examples 
might  be  cited,  both  from  vegetable  and  animal  life,  all  showing' 
design  and  cooperation  in  effecting  purposes. 

522.  In  such  phenomena  we  see  a  striking  analogy  to  those  ^ 
of  instinct,  and  even  to  those  of  intelligence  also.     It  is  this 
analogy  which  has  led  some  in  their  speculatioDs  to  lAopt  the 
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idea  tliat  life  and  soul  are  the  same  thing.  Hence,  too,  many 
phenomena  in  vegetable  life  are  in  common  language  often 
called  instinctive.  Thus,  it  is  said,  that  when  a  seed  sprouts, 
the  roots  instincdvelj  seek  the  ground,  and  the  stalk  and  branches 
instinctively  seek  the  air  and  the  light  This  is  even  the  case 
sometimes  when,  the  seed  is  placed  at  some  little  distance  from 
the  ground.  So,  too,  if  a  plant  that  naturally  grows  in  wet 
ground  is  put  into  dry  soil,  but  in  the  neigliborhood  of  a  wet 
spot,  it  shoots  forth  roots  abundantly  towards  this  spot,  rather 
than  on  the  other  side. 

523.  But  the  evidence  from  physiology  does  not  all  tend  to 
materialism.  There  is  some  negative  evidence  which  has  a 
different  bearing.  I  refer  to  the  hci  stated  in  §  510,  viz.,  that, 
while  man  differs  in  his  spiritual  nature  so  widely  and  so  spe- 
cifically from  the  inferior  animals,  his  brain  exhibits  no  corres- 
ponding specific  difi^rence  in  structure,  but  only  a  difference  in 
amounL  The  difference  in  degrees  of  intelligence  in  the  animals 
below  man  is  marked  by  a  corresponding  difference  in  the 
amounts  of  the  gray  substance.  And  if  it  were  true  that  man, 
as  some  think,  differed  from  them  only  in  having  a  higher  de- 
gree of  intelligence,  we  should  expect  to  find  in  him  a  mere 
increase  of  this  substance.  But  as  his  mind  differs  from  theirs 
not  merely  in  degree,  but  in  kind  also,  we  should  have  reason 
to  expect,  if  mind  were  wholly  dependent  on  organization,  that 
the  anatomist  would  .find  not  only  an  increase  in  the  quantity 
of  the  gray  substance,  but  also  a  difference  in  its  structure. 

524.  But  strong  as  this  evidence  is,  it  appears  to  be  strongly 
rebutted,  perhaps  almost  overborne,  by  the  other  evidence  which 
I  have  cited  from  physiology.  And  the  physiologist  might 
perhaps  say  that,  although  as  yet  no  difference  of  structure  has 
been  found  that  corresponds  with  the  mental  difference,  future 
investigations  with  the  microscope  may  discover  some  subtle 
difference  of  structure  which  now  escapes  our  notice.  But  this 
it  must  be  allowed  is  not  at  all  probable.  On  the  whole  it  may 
be  remarked,  that  the  fact  of  which  I  have  been  speaking,  although 
significant  and  valuable  as  being  coincident  wiu  evidence  drawn 
from  the  other  sources,  yet  considered  simply  in  connection  with 
the  physiological  evidence,  the  evidence  from  the  other  sources 
being  wholly  shut  out,  it  is  doubtful  how  much  weight  it  ought 
to  have.  The  physiological  evidence,  taken  by  itself  is  con- 
flicting, and  loolung.at  the  whole  scope  of  it,  the  preponderanoe 
must  be  acknowledged  to  be  towards  materialism. 

525.  It  is  quite  dear  then,  that  the  physiologist  cannot  well 
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avoid  materialisTiL,  if^  in  examining  the  connection  between  ibp 
mind  and  tlie  body,  he  rejects  all  e\ndence  beside  that  ^wbich 
physiology  furnishes.     He  can  be  saved  from  this  resnlt  only  by 
being  content  with  the  narrow  limits,  to  which  he  is  shut  up,  if 
he  confine  himself  to  absolute  proof.     As  we  have  already  seeD, 
the  positive  knowledge  that  physiology  gives  us  on  this  subject 
is  exceedingly  narrow.     We  soon  come  to  the  line  that  divides 
between  the  knowA  and  the  supposed.     And  if  we  attempt  to 
go  beyond  that,  our  conclusions  as  to  what  is  probable  will 
quite  certainly  lead  us  to  the  result  which  I  have  pointed  out. 
The  need,  therefore,  of  the  evidence  drawn  from  the  other 
sources  that  I  have  mentioned  is  most  palpable.     The  physiol- 
ogist must  confess  himself  to  be  under  the  necessity  of  goings 
out  of  his  physiology,  in  order  to  learn  all  that  can  be  learned 
upon  this  subject.    At  the  best,  there  is  much  myi^tery  in  rela- 
tion to  it  which  we  cannot  penetrate,  with  all  the  light  that  wo 
can  bring  to  bear  upon  it     And  the  mystery  is  deep  indeed, 
when  we  call  to  our  aid  only  the  dim  light  of  physiology.     It 
needs  some  other  light  to  deliver  us  from  the  confusion  of  ideas, 
into  which  we  are  introduced  by  the  analog}'  existing  between 
the  phenomena  of  life  and  instinct  and  intelligence,  in  relation 
to  their  connection  with  the  organization  of  matter.     Let  us 
look  then  at  the  evidence  which  comes  from  the  other  two 
sources,  viz.,  our  consciousness,  and  revelation. 

52G.  Every  individual  is  conscious  tliat,  as  he  feels  and  thinks 
and  acts,  he,  that  is  his  mind  or  spirit,  acts  upon  the  structure 
of  his  body,  and  is  acted  upon  by  it.  It  is  not  a  consciousness 
that  he  as  a  material  body  does  all  this.  He  feels  that  it  is  a 
power  within  that  does  it,  and  he  instinctively  separates  in  his 
ideas  the  power  from  the  different  parts  of  the  body,  and  from 
the  body  as  a  whole.  He  is  conscious  too  of  a  responsibility  in 
relation  to  the  thoughts  and  acts  of  the  spirit  within.  He  has 
a  knowledge  of  right  and  wrong,  and  has  self-reproach  on  doing 
wrong,  and  self-approbation  on  doing  right  It  is  this  conscious- 
ness of  a  self-actfng  immaterial  spirit  in  this  material  body,  that 
constitutes  the  basis  of  all  character,  and  of  all  the  moral  rela- 
tions of  man  to  his  fellow  man,  and  to  his  Maker.  Every  body 
acts  upon  the  testimony  of  this  consciousness  as  being  valid  and  ^ 
certain  testimony.  And,  however  the  physiologist  may  reason 
about  matter  and  mind,  as  if  the  latter  were  a  mere  product  or 
endowment  of  the  former,  yet  as  a  man,  as  a  member  of  society, 
as  a  subject  of  government  and  law,  he  cannot  avoid  acting 
upon  the  ground,  that  mind  in  a  certain  sense  controls  matter. 
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€(1  is  responsible  for  its  acts  independently  of  the  matter  with 
lich  it  is  connected. 

527.  Now  the  evidence  which  this  consciousness  affords  tie 
should  suffice  to  keep  us  from  the  materialism,  into  which  phys- 
iology taken  alone  would  be  apt  to  lead  us.  It  shows  us  that, 
although  the  mind  is  developed  with  the  material  organization, 
and  can  act  only  with  it,  it  is  not  its  mere  product,  nor  one  of 
its  endowments.  It  shows  us,  on  the  other  hand,  that  it  is  in 
some  measure  independent  of  matter,  and  that  its  dependence 
upon  it  is  only  a  dependence  of  connection,  matter  being  the 
instrument  of  mind,  through  which  it  acts  on  external  things, 
and  is  acted  upon  by  them.  The  endence  from  this  source  is 
of  a  positive  character.  We  are  driven  by  it  to  the  alternative, 
of  believing  that  the  mind  is  an  immaterial,  self-acting  agent, 
in  some  measure  independent  of  matter,  or  of  harboring  the 
impious  and  monstrous  belief,  that  the  Creator  has  implanted 
in  the  bosom  of  man  a  lie,  and  that  he  is  living  a  horrible  farce, 
acting  in  view  of  moral  relations  and  responsibilities  that  have 
no  existence. 

528.  This  positive  testimony  of  our  consciousness  is  confirmed 
by  the  testimony  of  revelation.  This  is  not  done  by  any  formal 
array  of  proof  The  existence  of  the  8[)iritual  part  of  man  as 
a  self-acting  responsible  agent  is  assumed  as  a  fact  that  needs 
no  proof.  All  the  statements,  and  teachings,  and  appeals  of  the 
Bible  recognize  it  as  a  fact  known  to  the  consciousness  of  every 
man.  The  Bible,  therefore,  may  be  considered  as  simply  affirm- 
ing that  the  testimony  of  our  consciousness  on  this  point  is 
valid  testimony.  But  the  Bible  goes  farther  than  this.  It 
gives  us  one  great  fact  of  which  neither  physiology  nor  our  con- 
sciousness could  assure  us.  I  «refer  to  the  mind's  immortality. 
Our  consciousness  could,  it  is  true,  give  us  presumptive  evidence 
to  show  that  the  soul  with  its  high  powers  and  aspirations  is  to 
live  after  the  death  of  the  body.  But  it  could  furnish  us  no 
absolute  proof  of  the  fact.  And  its  presumptive  evidence  would 
be  effe-ctually  rebutted  by  the  presumptive  evidence  from  phjrsi- 
ology,  which,  as  you  have  seen,  points  in  another  direction. 
We  are  so  familiar  with  the  mind's  immortality  as  a  known  fact, 
and  we  so  unifonnly  think  of  it  in  connection  with  the  death 
of  the  body,  that  we  are 'not  aware  how  absolutely  dependent 
we  are  upon  revelation  for  all  that  we  know  in  relation  to  it. 
If  there  were  no  revelation,  and  death  were  to  us  an  unknown 
event,  and  we  were  now  for  the  first  time  called  upon  to  witness 
the  death  of  a  firiend,  how  UtUe  should  we  know,  and  how  oont 
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fused  would  be  our  thoughts  in  relation  to  the  great  mystov 
before  us !  "* What  is  it ? "  we  should  ask.  ''Is  it  sleep l9 
No.  We  never  saw  any  one  sleep  thus.  What  is  it  ?  Who 
can  tell  us  ?  *'  And  we  should  wonderingly  watch  to  see  some 
signs  of  awakening,  not  giving  up  all  hope  till  decay  begins  its 
ravages  on  the  loved  form  berore  us.  Then,  aa  we  should  from 
the  dictate  of  nature,  consign  to  the  earth  the  friend  who  wat 
so  recently  among  us  a  breathing,  moving,  speaking  man,  now 
a  mere  mass  of  decaying  matter,  we  shoula  feel  that  we  bury 
there  not  the  bodv  only,  but  all  that  belonged  to  that  body 
during  life — the  whole  man.  Thought  and  feeling,  as  well  as 
life  and  motion,  would  appear  to  us,  untaught  of  God,  to  be 
extinguished  in  the  grave.  Even  if  some  one  should  utter  all 
tremblingly  the  hope,  that  there  might  be  a  subtle  spiritual 
part  of  our  friend,  that  would  some  time  in  some  form  return 
again  to  our  society,  that  hope  would  at  once  be  crushed  by 
the  reflection  that  whatever  it  was  in  our  friend  that  thought 
and  felt,  it  came  into  existence  with  the  body,  was  infantile 
when  the  body  was,  grew  with  the  growth  of  the  body,  and 
strengthened  with  its  strength,  and- therefore  now,  so  far  as  we 
can  see,  has  perished  with  it  Nature  utters  no  voice  to  tell  us 
otherwise.  She  emits  no  light  to  illumine  the  grave.  -Dark- 
ness and  silence  rest  there,  till  the  light  of  revelation  shines 
upon  it,  and  God  proclaims  man's  immortality. 

520.  I  have  thus  spoken  of  the  three  sources  of  evidence  in 
regard  to  the  connection  of  the  mind  and  tlie  body,  and  have 
indicated  the  character  of  the  evidence  furnished  by  each.  I 
have  shown  particularly  that  if  the  attention  be  confined  to  that 
which  is  furnished  by  physiology,  the  mind  is  apt  to  be  led  into 
materialism.  But  the  attention  should  not  thus  be  confined. 
All  the  three  kinds  of  evidence  should  be  employed  and  should 
be  brought  to  bear  upon  each  other.  If  this  be  done,  the  dis- 
crepancies in  the  evidence  from  physiology  are  cleared  up  by 
the  e\ndence  afforded  by  consciousness  and  revelation,  and  we 
see  the  true  value  and  bearing  of  the  fact,  that  the  specific  men- 
tal difference  between  man  and  animals  is  not  attended  with  a 
corresponding  structural  difference.  Though  this  fiict  operates 
merely  as  conflicting  evidence,  when  taken  simply  in  connection 
with  the  rest  of  the  facts  developed  by  physiology ;  when,  we 
come  on  the  other  hand,  to  take  the  whole  range  of  evidence 
from  the  three  sources  8]|)oken  of^  it  is  exceedingly  satisfiictory  ai 
concurring  with  the  testmiony  of  consdousness  and  revelatba 
At  the  same  time,  those  pbyaiologiiyl  phenomena,  which  takea 
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by  themselves  seem  to  show  so  strongly  that  the  mind  is  wholly 
dependent  upon  organization^  are  so  inteipreted  by -the  evidence 
from  the  other  sources,  that  the  dependence  is  seen  to  be  for 
the  most  part  a  dependence  of  connection  only,  the  brain  being 
the  instrument  of  the  mind. 

530.  The  evidence  from  consciousness  and  revelation  is  of  the 
most  positive  character,  and  cannot  be  set  aside  by  evidence 
from  any  other  source.  Other  evidence  may  serve  to  interpret 
it,  but  cannot  nullify  it  The  attempt  is  sometimes  made  to  set 
it  aside  by  urging  the  presumptive  evidence  of  physiology,  as 
if  it  were  absolute  proof.  But  most  physiologists  engage  in  no 
such  futile  and  unchristian  efforts,  but  give  due  weight  to  the 
testimony  of  consciousness  and  revelation  in  all  their  investiga- 
tions of  the  mysterious  connection  of  the  mind  and  the  body. 
The  influence  of  Carpenter,  an  English  physiologist,  whose  works 
are  more  extensively  used  by  students  than  those  of  any  other 
physiologist,  is  espedally  to  be  commended  in  this  respect  And 
altbough  skepticism  occasionally  utters  its  plausible  uilsities,  de* 
ceiving  the  superficial  and  the  speculative,  we  have  ^o  feam 
from  present  indications  that  the  votaries  of  physiological  sdenoe 
will,  as  a  body,  be  arrayed  in  opposition  to  Christianity. 


CHAPTER    XVIII. 

BI7FEREKCES  BETWEEN  MAN  AND  THE  INEERIOB  ANDCALS. 

531.  I  HAVE  already  treated  somewhat  of  the  differences  be- 
tween man  and  the  inferior  animals  in  different  parts  of  this 
book,  and  especially  in  the  preceding  chapter.  But  it  has  beea 
done  only  incidentally,  and  the  subject  demands  at  our  hands  a 
more  thorough  and  sjrstematic  investigation.  This  I  propose  to 
do  in  the  present  chapter. 

582.  Lord  Monboddo  maintained  that  man  is  only  an  im- 
provement on  the  monkey,  occurring  as  a  result  from  the  general 
tendency  to  advancement  claimed  to  exist  in  nature.  He  seemedi 
to  think  that  man  bore  a  relatbn  to  the  monkey  somewhat  lik« 
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that  which  the  frog  bears  to  the  tadpole,  as  described  in  §  167, 
and  that  as  the  tadpole  becomes  the  frog^  so  the  race  of  man 
was  produced  by  a  change  at  some  remote  period  of  the  crea- 
tion, of  the  monkey  into  a  man.  This  ridiculous  notion  of  the 
erudite  but  fanciful  Scotch  pliilosophcr  is  really  but  another 
phase  of  the  more  recent  theory  of  gradation,  or  development, 
as  it  is  sometimes  called,  which  in  different  forms  is  now  advo- 
cated by  so  many  European  philosophers.  And,  although  few, 
comparatively,  adopt  this  theory  definitely  and  fully,  there  is 
quite  a  disposition  among  many  to  obliterate  t&e  distinctions  by 
which  the  Creator  has  in  so  marked  a  manner  separated  man 
from  the  inferior  animals.  It  is  well,  therefore,  that  we  should 
have  a  clear  idea  of  these  distinctions. 

633.  It  is  often  very  loosely  said  that  while  man  is  governed 
by  reason,  instinct  rules  in  the  animal.*  If  it  be  meant  by  this 
that,  as. a  general  rule,  reason  predominates  in  man,  while  in- 
stinct does  so  in  animals,  the  statement  is  a  correct  one.  But 
if  it  be  meant  that  animals  are  wholly  governed  by  instinct,  and 
that  man  is  distinguished  from  them  as  a  reasoning  animal,  it 
is  not  correct.  For  some  animals  do  reason,  that  is,  if  making 
inferences  be  consi<l(*red  as  reasoning.  In  tracing  out  the  differ- 
ences Wtween  man  and  animals  I  shall  not  attempt  to  show 
w^hat  the  nature  of  instinct  is*.  This  is  a  great  mystery,  and  all 
attempts  to  solve  it  have  utterly  failed.  I  shall  content  myself, 
therefore,  with  pointing  out  some  of  the  differences  between  in 
stinct  and  reason.  In  doing  this  it  is  not  always  easy  to  say 
just  where  the  one  begins  and  the  other  ends,  so  intimately  are 
their  phenomena  often  mingled  together. 

634.  The  actions  of  instinct  are  more  unaccountable  than 
tliose  of  reason.  In  the  operations  of  reason  we  see  something 
of  the  processes  by  which  results  are  reached.  But  it  is  not 
BO  with  instinct.  For  example,  as  a  man  travels  over  an  unex- 
plored country,  we  can  understand  by  what  means  he  obtains  a 
knowledge  of  the  country,  in  order  to  guide  him  on  his  journey. 
The  processes  of  his  reasoning  in  regard  to  this  we  can  com- 
pretieud.  But  when  an  insect  travels  with  unerring  certainty 
to  its  place  of  destination  without  any  guide  marks  that  we  can 


*  Some  exnknntion  may  be  well  here  in  relation  to  the  diflferent  uae»  made  of  the  word 
aoimal  in  dinerent  connections.  Here  it  ii  uied  in  contra  distinction  to  man.  Bo  it  it 
uted  in  the  exprenion,  man  and  animah.  But  at  man  it  in  certain  sentci  an  animal, 
whenerer  we  with  to  lecocniM  thit  fket  we  ipeak  of  other  animalt  at  the  inftrior  ani- 
mab.  And  thus  in  renrd  to  animalt,  we  tpe&k  of  their  higher  and  lower  ordert,  Am 
higher  of  nonne  being  tnore  that  aiiproximate  ncareit  to  man. 
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Instinct  forerned  by  InTsriabie  rala.    Mjitcrious  in  ita  operations. 

see,*  or  when  a  swarm  of  bees  or  a  flock  of  birds  wing  their  flight 
to  distant  places,  or  when  bees  const  met  their  honey-comb  with 
the  exactness  of  mathematics  in  obedience  to  the  best  principles 
for  such  a  structure,  we  cannot  understand  the  processes  which 
lead  to  the  result  It  seems  to  be  produced  by  an  impulse  from 
a  caasc  extraneous  to  tlie  animal,  guiding  it  as  if  it  were  a  mere 
machine.  The  little  intelligence  of  the  animal  seems  to  have 
only  an  incidental  connection  with  this  impulse.  It,  therefore, 
merely  controls  somewhat  the  circumstances  under  which  the 
instinct  acts. 

535.  So  little  has  the  intelligence  to  do  with  the  instinct,  and 
so  nearly  mechanical  therefore  are  the  actions  of  the  latter,  that 
they  are  governed  by  an  invariable  rule.  It  is  as  invariable 
almost  as  are  the  movements  of  a  machine.  For  this  reason 
there  are  no  improvements  or  alterations  in  the  acts  of  instinct. 
The  bird  and  the  bee,  for  instance,  have  no  change  of  fashion 
in  their  architecture  from  age  to  age.  The  honey  that  fed 
John  the  Baptist^  or  that  which  was  found  by  Samson  in  the 
carca<^e  of  the  lion,  was  deposited  in  the  same  hexagonal  cells 

*  I  will  introdare  here  as  an  illurtration,  a  little  ineiilent  reccirded  in  mjr  note  book 
mitny  years  n^.  The  account  (if  it  runs  thus :  i  was  much  entcrtnined  to-day  in  wateb- 
ing  the  movements  of  a  very  small  winged  insect — about  one-third  of  the  size  of  a  eom- 
ninn  fly.  He  wns  drawing  a  dend  spiiler  acroM  the  road.  Every  now  and  then  he  would 
(Inm  his  load,  and  run  furword  a  little,  vprinsini;  about  here  and  there,  and  then  would 
po  nack  and  take  up  his  load  acain.  Ilis  movements  in  this  way  were  so  quick  and  ap- 
parently so  irregular,  that  they  seemed  to  be  without  nn  object.  But  I  observed,  that 
althoush  he  thus  ran  nhout  here  and  there,  his  course  in  its  general  bearing  was  a  Tcry 
straichtone.  Soon  a  waffj^on  nasscil  along  directly  over  where  the  insect  wns,  separating 
him  from  hii  load,  and  iluturbing  the  whole  surface  of  the  jpround.  He,  however,  sood 
found  his  load,  ami  then  with  a  ko(k1  deal  of  apparent  reconnoitering  he  went  on  agaia  in  the 
same  genera)  eoorw.  In  the  latter  |Nirt  of  hi»  journey  he  travelled  over  and  anikivt  a  heap 
of  stones.  Here  he  would  ocrnsionallv  leave  the  spider  and  disappear,  and  then  retam 
again  to  take  his  load.  Again  a  little  farther  nn  I  would  see  him  emerge  from  his  eon- 
enaled  pathway,  and  so  on  to  the  end  of  his  journey.  Ilis  place  of  destination  was  a  hole 
in  the  sand  beneath  a  flnt  stone.  Now,  how  did  this  insert  in  his  journey  to  his  home, 
(which  to  him  was  a  long  one,  though  only  thrco  rod*,)  manage  to  keep  so  straight  a 
course  ?  Was  it  in  the  name  wny  that  men  manage  m  their  jonrners.  guided  by  way- 
marks,  and  by  information  obtained  fMm  otiiers  ?  Following  out  this  idea,  suppose  then 
a  man  to  be  at  the  same  distance  from  his  home  in  proportion  to  his  site  tliat  the  insect 
was  from  his  home.  According  to  this  supposition  he  must  be  over  three  thousand  miles 
from  home.  Suppose  the  direct  line  to  his  home  lay  aeroas  an  uninhabited  country,  so 
that  he  can  get  no  information  from  others.  This  makes  his  case  imrallel  with  the  in- 
sect's, for  we  saw  him  meet  no  other  insect*  on  the  mad.  Now,  if  he  know  the  exact 
direction  in  which  his  home  lay.  he  could  not,  without  his  compass,  move  with  anr  pre- 
cision towards  it  And  if  he  had  wandered  away  from  it  without  a  oompass,  as  tiM  lo- 
sect  M  f>om  his  home,  how  would  he  know  in  what  direction  it  lay  1  Ana  yet  the  insect 
travelled  towards  his  home  as  if  he  preserved  exactly  amid  all  his  wanderings  the  points 
of  the  compass.  The  surface  over  which  he  went  was  very  irregular.  He  had  to  cross 
or  wind  around  eminences,  which  were  to  him  a»  large  as  hills  and  mountains  are  to  man, 
and  yet  he  wrat  not  embarrassed ;  and  when  he  went  among  tlie  stones  he  hod  more  and 
greater  difficulties  to  encounter  than  man  meet^  with  in  passing  thmngh  the  wildest  coun- 
tries. Again,  suppose  that  thetrnvelling  man  should  meet  with  some  whirlwind  or 
convulsion  of^  nature,  which  should  separate  him  from  his  burden,  and  disarrange  in 
measure  the  face  of  the  country  about  him.  fust  as  Uie  travelling  insect  was  lerTad  by^ 
commotion  of  the  horse's  feet  and  the  wheels  of  the  waggon.  Would  he  find  hh ' 
easily  as  the  insect  did,  and  go  on  his  way  with  as  little  husitation  I 

.    :^0 
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whidi  are  coiutnicted  by  the  bew  of  the  praent  6sy.     And 
«aoh  tnrd  bnilds  ita  nest  pTociaely  in  the  saiiie  mj  that  ita  am- 
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ceatrel  birds  hnve  ever  done.  Most  birds' 
ncets  are  conatnictcd  after  the  enme  general 
pattern.  But  sometimes  we  observe  strik- 
ng  peculiarities  to  aubserve  some  special 
purpose.  Fijr.  187  represents  the  nest  of 
tbe  Baya,  a  little  bird  of  Ilindooatan.  "  It 
is  in  the  shape  of  a  bottle,  and  in  made  of 
long  grass.  It  is  suspended  from  a  slen- 
der branch  of  a  tree,  so  that  monkeys, 
serpents,  Ac,  cannot  reach  it  The  en- 
tmnce  to  the  nest  is  made  on  the  under 
side,  so  that  these  animals  cannot  enter, 
vliile  the  bird  iteclf  can  readily  fly  in.  It 
is  dif  tded  into  apartments,  in  one  of  which 
the  female  sits  upon  the  eggs,  while  in  the 
other  tbe  male  bird  "  solaces  his  companion 
with  his  song  whilst  she  is  occupied  in  ma- 
ternal cares.  In  Fig.  198  is  seen  the  nest 
of  another  little  eastern  bird,  which  with 
filaments  of  cotton  taken  from  the  cotton 
plant,  sewB  leaves  together  witb  ita  beak ' 
and  feet,  so  as  to  oonoml  the  inclosed  nest 
from  its  enuniea. 


ft36.  While  there  ia  no  change  in  the  acta  of  inHmctthej 
are  marlfed  by  perEectioti.  That  is,  they  are  perfectly  adapted 
to  the  purposes  to  be  efieoted  and  to  the  circumBtanoee  undei 
which  they  are  performed.  The  Creator,  who  directs  the 
pulse  that  governs  the  animal,  in  this  case  aa  well  as  ii 
othere,  accurately  fits  the  means  to  the  ends  to  be  accomplished. 
Thenj  ia  nothing  in  which  this  perfection  of  instinct  is  better 
shown  than  in  the  construction  of  the  hoaey-comb.  ^  The  cells 
are  made  hexagonal,  because  in  this  way  all  the  space  is  occu- 
pied— there  is  no  waste  of  room.  If  the  cells  were  made  cir- 
cular, there  would  not  only  be  a  waste  of  room,  but  a  large 
quantity  of  material  would  be  needed  to  fill  up  the.spaoea  be- 
tween the  cells.  The  difference  can  be  seen  in  the  two  Figures 
189  and  100.     Each  comb,  it  is  to  be  observed  farther,  hat  two 


sets  of  cells,  the  ends  of  one  set  being  arranged  against  the  enda 

of  the  other  in  a  peculiar  manner.     Theac  enda  are  not  Hat,  but 

each  one  has  three  plane  surfaces,  forming  with  each  other  a 

particular  angle  soon  to  be  noticed,  and  uniting  together  at  the 

centre  in  a  poinL     In  the  arrangement  of  these  cells,  therefore, 

a  cell  of  one  Mt  does  not  lie  end  to  end  with  a  cell  of  another 

set.     lie  three  surfaces  form  a  part  of 

the  bottom  or  end  of  three  cells  of  ""  >"■ 

the  other  set.    This  is  made  clear  by 

Fig.  191,  in  which  a  cell  of  one  set  is 

rniresented  as  it  abuts  against  a  cell 

of  the  other  set  by  one  of  its  surfaces, 

its  other  two  sur&cee  forming  a  third 

part  of  the  ends  of  two  other  cells.     Now  it  has  been  found 

that  the  angle  formed  at  the  edge  of  these  sur&oee  between  I'' 

two  sets  of  cells  is  such  as  to  secure  the  greatest  strength  w 

the  leaat  amonnt  of  malarial     Itwasat  one  timA  thoi^^] 
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this  was  ptoved  to  be  not  exactly  true.  The  variation  from  tlie 
correct  angle,  made  out  by  the  calculations  of  the  mathemati- 
cians, was  indeed  a  slight  one,  but  still  it  was  variation  enough 
to  show,  if  the  calculations  were  correct,  that  the  workings  of 
instinct  were  not  perfect  in  this  case.  But  the  investigations 
of  Lord  Brougham  have  satisfactorily  shown  that  the  mathe- 
maticians were  wrong  in  their  calculations,  and  that  the  bees 
are  right.  ,, 

537.  The  perfection  of  the  operations  of  instinct  is  shown  in 
the  most  wonderfiil  manner  in  the  regulation  of  communities  of 
animals.  Here  we  see  codperation  to  produce  results  effected 
through  an  irrational,  and  therefore  in  some  measure  a  blind 
instinct.  This  social  instinct  is  most  extensively  exemplified 
among  the  insect  tribes,  as  for  instance  the  bee  and  the  wasp. 
The  structures,  resulting  from  the  cooperation  of  multitudes  of 
little  laborers  guided  by  this  instinct,  are  very  interesting.  I 
shall  allude  to  but  a  single  familiar  example,  the  construction 
of  the  nests  of  wasps.  These  insects  make  their  building  ma- 
terial from  the  fibres  of  old  wood.  These  they  convert  by  mas- 
tication into  a  pulp,  which  made  into  a  thin  layer,  becomes  firm 
like  paper.  It  is  indeed  a  ] process  very  much  like  the  common 
process  of  paper-making  invented  by  man,  and  the  first  rude 
mvcntor  may  have  got  his  idea  from  the  insect.  With  this 
substance  the  wasps  build  several  ranges  of  cells,  which  are 
hexap:onal,  like  the  cells  in  the  comb  of  the  bee.  lliese  ranges 
of  cells  are  placed  parallel  to  each  other,  at  regular  distances, 
with  littio  supporting  columns  between  them,  as  seen  in  Fig. 
192. 

The  number  and  variety  of  instincts  of  the  ordinary  hive  bees 
are  very  wonderful,  but  it  would  occupy  too  much  space  to  de- 
scribe them. 

538.  The  wonderful  codperation  of  animals  in  obedience  to 
social  instinct,  in  the  building  of  habitations  and  other  struc- 
tures is  seen  in  several  of  the  mammalia.  But  it  is  most  won- 
derful in  the  beaver,  the  following  description  of  whose  habits 
in  this  rcsj)ect  I  take  from  Carpenter.  *'  During  the  sumnier  it 
lives  solitarily  in  burrows,  which  it  excavates  for  itself  on  the 
borders  of  lakes  and  streams;  but  as  the  cold  season  approaches 
it  quits  its  retreat  and  unites  itself  with  its  fellows,  to  construct, 
in  common  with  them,  a  winter  residence.  It  is  only  in  the 
most  solitary  places  that  their  architectural  instinct  fully  devel- 
ops itself.  Having  associated  in  troo[>s  of  from  two  to  three 
hundred  each^  they  choose  a  lake  or  river,  which  is  deep  enougli 
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to  prevent  its  being  frozen  to  the  bottom ;  Bnd  they  gwierally 
prefer  running  Btrearas,  for  the  sflke  of  the  TOnvenience  wLii^ 
these  aSord  in  the  traniipurtatJon  of  the  materials  of  their  erec- 
tion. In  order  that  the  water  maj-  be  kept  up  lo  a  niiiform 
height,  they  begin  by  construDling  a  sloping  dam ;  which  they 
form  of  branches  interlaced  one  with  another,  the  intervals  be 
tween  tbem  being  filled  up  with  stones  and  mud,  with  which 
maieriala  they  give  a  coat  of  rough-cast  to  the  exterior  also 
When  the  dam  paaaes  across  n  rnoning  utream,  they  make  it 
convex  towards  ibe  current ;  by  which  it  Js  caused  to  possew 
much  greater  strength  than  if  it  were  straight.  Tfiis  dam  it 
usually  eleven  or  twelve  feet  acroBs  ut  ila  base,  and  is  enlarged 
every  year;  and  it  frwiiieiitly  becomes  covered  with  vegetation 
BO  as  lo  form  a  kind  of  hedge. 

539.  When  the  dam  is  rumpleted,  the  commuriity  separKte* 
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into  a  certain  number  of  families ;  and  the  beavers  then  em^Ky 
themselves  in  constructing  huts,  or  in  repairing  those  of  a  pre- 
•.  ceding  year.  These  cabins  are  built  on  the  margin  of  the  water ; 
they  have  usually  an  oval  form,  and  an  internal  diameter  of  six 
or  seven  feet  Their  walls  are  constructed,  like  the  dam,  of 
branches  of  trees ;  and  they  are  covered,  on  two  of  their  sides, 
with  a  coating  of  mud.  Each  has  two  chambers,  one  above  the 
other,  separated  by  a  floor ;  the  upper  one  serves  as  the  habita- 
tion of  the  beavers,  and  the  lower  one  as  the  magazine  for  the 
store  of  bark,  which  they  lay  up  for  their  provision.  These 
chambers  have  no  other  opening,  than  one  by  which  they  pass 
out  into  the  w'ater.  It  has  been  said  that  the  flat  oval  tail  of 
the  beavers  serves  them  as  a  trowel,  and  is  used  by  theui  in 
laying  on  tlie  mud  of  which  their  erections  are  partly  composed ; 
but  it  does  not  appear  that  they  use  any  other  implements  than 
their  incisdr  teeth  and  fore-feet.  With  their  strong  incisors  they 
cut  down  the  branches,  and  even  the  trunks  of  trees  which  may 
be  suitable ;  and  by  the  aid  of  their  mouths  and  fore-feet,  they 
drag  these  from  one  place  to  another.  When  they  establish 
themselves  on  the  bank  of  a  running  stream,  they  cut  down 
trees  aboife  the  point  where  they  intend  to  construct  their  dwell- 
ings, set  them  afloat,  and,  profiting  by  the  current,  direct  them 
to  the  required  spot  It  is  also  with  their  feet  that  they  dig  up 
the  earth  they  require  for  mortar,  from  the  banks  or  from  the 
bottom  of  the  water.  These  operations  are  executed  with  ex- 
traordinary rapidity,  although  they  are  only  carried  on  during 
the  night  When  the  neighborhood  of  man  prevents  the 
beavers  from  multiplying  to  the  degree  necessary  to  form  such 
associations,  and  fVom  possessing  the  tranquillity  which  they 
require  for  the  construction  of  the  works  just  described,  they 
no  longer  build  huts,  but  live  in  excavations  in  the  banks  of  the 
water." 

540;  Instinct  moves  straight  on  to  its  result,  and  it  does  so 
blindly.  It  exercises  no  intelligence  in  regard  to  the  purpose 
for  which  the  result  is  intended,  or  the  circumstances  which 
tend  to  defeat  this  purpose.  It  evidently  in  some  cases  never 
knows  any  thing  of  the  purpose  aimed  at  by  its  acts,  as,  for  ex- 
ample, when  an  animal  makes  provisions  for  a  progeny  which 
it  is  never  to  see.  "  It  is  scarcely  possible,''  says  Carpenter, 
^  to  point  to  any  actions  better  fitted  to  give  an  idea  of  the  na- 
ture of  instinct,  than  those  which  are  performed  by  various 
insects,  when  they  deposit  their  eggs.  These  animals  will  never 
behold  their  progeny ;  and  cannot  acquire  any  notion  firom  ex- 
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pweoce,  therefore,  of  that  which  their  egffs  will  produce ;  never- 
theleaa  ther  have  the  remsrbable  habit  of  piacio^,  in  the  neigh- 
borhood of  each  of  these  bodies,  a  supply  of  aliment  fitted  for  • 
the  nourishment  of  the  larva  that  is  to  proceed  from  it ;  and 
this  they  do,  even  when  they  are  themaelvea  lifing  on  food  of 
an  entirely  different  nature,  Ruch  as  would  not  be  adapted  for 
the  larva.  They  cannot  be  guided  in  Buch  actions  by  any  thing 
like  reaton ;  for  the  data  on  which  alone  they  could  reason 
correctljr,  are  wanting  to  them ;  so  that  they  would  be  led  to 
conclusions  altogether  erroneous  if  they  were  not  prompted 
by  an  uuemng  ttulinel,  to  adopt  the  means  best  adapted  for 
the  attainment  of  the  required  end." 

541.  The  results  of  reason  are  often  mingled  with  those  of 
instinct  in  such  a  way  that  it  is  difficult  to  distinguish  them 
from  each  other.  But  instinct  is  of  iUelf  wholly  irratiimal. 
If  it  were  not  bo,  it  would  avoid  acting  whenever  action  would 
evidently  be  useless.  But  instinct  has  not  the  eyes  of  reason 
to  see  when  this  is  the  case.  It  leads  the  animal  blindly  on; 
so  that,  although  under  all  ordinary  circumstances  the  object 
is  accomplished  definitely  and  in  the  best  manner,  yet  there  is 
no  capability  of  making  provision  for  extraordinary  circum- 
stances.  Therefore,  actions  are  occasionally  performed,  which 
do  not  at  all  answer  the  purpose  which  the  insUnct  is  designed 
to  effect  Instinct,  though  perfect  in  its  action  under  the  fixed 
uniform  circumstances  under  which  it  is  desUned  to  act,  ie  a 
kind  of  blunderer  when  irregular  circumstances  arise.  Instinct 
is  a  strict  routiuist,  while  reason  readily  accommodates  itself 
to  endlessly  varying  circumstances.  In  illustration  of  the 
above  characteristic  of  instinct,  I  will  cite  a  few  examples. 
The  hen  will  sit  on  pieces  of  chalk  shaped  like  eggs,  as  readily 
as  she  will  on  the  eggs  themselves.  Her  jnstinct  is  so  blind 
as  to  be  deceived  by  this  general  resemblance.  The  flesh-fij 
often  lays  its  eggs  in  the  carrion -fiower,  the  odor  of  which  is 
so  much  like  Utat  of  tainted  meat  as  to  deceive  the  insect. 
An  amusing  illustration  of  the  blind  disregard  of  drcum- 
stances  in  following  out  the  promptings  of  instinct  is  given  by 
a  gentleman,  Mr.  Broderip,  in  an  account  of  a  beaver  whicn 
he  cauglft  when  very  young.  As  soon  as  it  was  let  out  of  iU 
cage,  and  materialH  were  placed  in  its  way,  it  began  to  build 
after  the  fashion  followed  by  these  animals  when  they  construct 
their  dam  in  a  stream  of  water  and  build  their  habitations  in  its 
banks.  "Even  when  it  was  only  half  grown,''  says  Ur.  6.,  "it 
woold  drag  along  a  large  ■weeping-tfnsh,  or  a  wanniDg^wB, 
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graspinff  the  handle  with  its  teeth,  so  that  the  load  came    ^^ 
Its  snoulder ;  and  would  endeavor  to  lay  this  with  other  mar 
4  terials,  in  the  mode  employed  by  the  beaver  when  in  a  state 
of  nature.     The  long  and  large  materials  were  taken  first ; 
and  two  of  th%  largest  were  generally  laid  cros8-w.ifle,  with  one 
of  the  ends  of  each  touching  the  wall,  and  the  otikT  ends  pro- 
jecting out  into  the  room.    The  area  formed  by  the  cross- 
brushes  and  the  wall,  he  would  fill  up  with  hand-brushes,  rush- 
baskets,  books,  boots,  sticks,  cloths,  dried  turf,  or  any  thing  port- 
able.    As  the  work  grew  high,  he  supported  himself  on  his  tail, 
which  propped  liim  up  admfrably ;  and  he  Would  often,  after  lay- 
ing on  one  of  his  building  materials,  sit  up  over  against  it,  ap- 
pearing to  consider  his  work,  or  as  the  pountry  people  say,  'judge 
it.'   This  pause  was  sometimes  followed  by  changing  the  position 
of  the  material  judged ;  and  sometimes  it  was  left  in  its  }>Iac6. 
After  he  had  piled  up  his  materials  in  one  part  of  the  room, 
(for  he  generally  chose  the  same  place,)  he  proceeded  to  wall 
up  the  space  between  the  feet  of  a  chest  of  drawers  which  stood 
at  a  little  distance  from  it,  high  enough  on  its  legs  to  make 
the  bottom  a  roof  for  him ;  using  for  this  purpose  dried  turf 
and  sticks,  which  he  laid  very  even,  and  filling  up  the  interstices 
with  bits  of  coal,  hay,  cloth,  or  any  thing  he  could  pick  up. 
This  last  place  he  seemed  to  appropriate  for  his  dwelling;  the 
former  work  seemed  to  be  intended  for  a  dam.     When  he  had 
walled  up  the  space  between  tlie  feet  of  the  chest  of  drawers, 
he  proceeded  to  carry  in  sticks,  cloths,  hay,  cotton,  Ac,  and  to 
make  a  nest ;  and  when  he  had  done,  he  would  sit  up  under 
th'e  drawers,  and  comb  himself  with  the  nails  of  his  hind  feet." 
I  simply  remark  in  relation  to  this  amusing  narration,  that  you 
can  see  at  once  that  if  the  instinct  of  this  animal  had  been  at 
all  raj;ional,  it  would  not  have  impelled  him  to  construct  a  dam 
and  a  dwelling  in  a  common  room,  where  they  would  be  of 
no  use  to  him.     Reason  would  have  dictated  Uie  building  of 
a  nest  and  nothing  more. 

542.  The  care  which  animals  exercise  in  relation  to  their 
progeny  seems  to  be  governed  to  a  great  extent,  perha}>s  wholly, 
by  a  blind  instinct  All  care  is  given  up  when  care  is  no  longer 
needed,  and  with  it  what  appears  to  be  afifection  isi^ven  up 
also.  In  animals  there  is  no  such  lasting  afiection  of  the  pa- 
rent for  the  progeny  as  there  is  in  man ;  for  in  them  it  is 
merely  instinctive,  and  not  rational  and  moral  in  its  character, 
and  it,  therefore,  lasts  only  so  long  as  it  is  needed  to  carry  out 
the  porposei  for  which  this  particular  instinct  is  designed. 
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Indeed,  in  some  cases  there  can  be  no  affection  in  all  the  care 
which  is  instinctively  exercised  by  the  parent,  for  it  is  put  forth 
for  progeny  which,  as  stated  in  §  540,  the  animal  is  destined  '^ 
never  to  see.  And  in  those  cases  among  animals  in  which  the 
family  state  exists,  it  is  a  mere  temporary  affiiir,  and  as  soon 
as  the  offspring  is  able  to  take  care  of  itself  it  is  no  more  to 
the  parent  than  any  other  animal  of  the  same  tribe  is. 

543.  But  some  animals  have  intelligence  as  well  as  instinct 
When  this  intelligence  is  shown  in  the  mere  power  of  imita 
tion  it  is  of  a  low  order.  The  parrot  that  learns  to  imitate 
man  in  speech  is  nothing  like  as  intelligent  as  some  animals 
that  have  no  such  power.  Some  animals  have  really  a  reason- 
ing intelligence — that  is,  they  make  rational  inferences.  Their 
reasoning  is  sometimes,  as  before  remarked,  so  mingled  witll 
the  operations  of  instinct,  that  it  is  difficult  to  distin^ish  them 
accurately.  In  the  case  of  the  beaver  related  in  §  541,  who 
labored  so  faithfully  in  obedience  to  a  blind  instinct,  there  was 
some  exercise  of  reason,  as,  for  example,  when  he  "judged" 
his  work.  But  it  is  difficult  to  point  out  definitely  the  lilie 
between  instinct  and  reason  in  such  a  case.  There  are  some 
animals,  however,  in  whom  the  workings  of  a  reasoning  intel- 
ligence are  to  be  seen  with  peffect  distinctness.  But  their 
reasoning  differs  from  that  of  man.  The  inferences  which  the 
reasoning  animal  makes  are  individual ;  while  man  ^oes  be- 
yond this,  and  makes  general  inferences,  and  there&re  dis- 
covers general  truths.  Newton's  dog,  Diamond,  saw  apples 
fall  to  the  ground,  as  well  as  lus  master.  And  he  was  capable 
of  making  some  inferences  in  regard  to  them ;  but  they  were 
individual  inferences.  For  example,  if  an  apple-tree  were 
shaken,  and  the  dog  were  hit  by  a  falling  apple,  whenever  he 
saw  other  apples  falling  he  would  infer  that  he  might  be  hit 
again,  and  would  infer  also  that  it  was  best  for  him  to  get  out 
of  harm's  way.  This  would  be  the  extent  of  his  reasonings. 
But  his  mifter  inquired  into  the  cause  of  the  fall  of  the  apple, 
and  by  considering  this  and  other  similar  phenomena,  he  de- 
duced general  principles,  which  govern  the  movements  both 
of  the  atoms,  and  the  worlds  of  the  u^iverBe. 

544.  The  inferences  which  are  formed  by  animals  are  mere 
results  of  the  association  of  ideas,  and  the  process,  therefore, 
really  hardly  merits  the  appellation  of  reasoning.  Thus,  in 
the  case  of  r^ewton's  dog,  supposed  above,  the  idea  of  the  fall- 
ing apples  was  associated  in  bis  mind  with  the  hurt  experienced 
when  neVas  hit,  and  prompted  the  getting  out  of  harm's  way. 


858  HUMAN  PHYSIOLOGY. 


Rauoniof  in  tnimKb  men  nMntal  ■mocIaUoo.    EampUfled. 

When  such  associations  are  extended  and  complicated,  it  S(>- 
pears  at  first  thought  as  if  the  animal  acted  in  new  of  general 
truths,  arrived  at  bj  the  same  process  of  reasoning  that  man 
employs.  But  it  is  a  mere  extension  of  mental  assodationa. 
Thus,  Newton's  dog  probably  associated  the  idea  of  being  hit 
and  hurt  with  other  fklling  bodies  beside  apples.  And  so,  too, 
various  circumstances  might  come  to  be  associated  with  the 
falling  of  bodies,  and  thus  complicate  the  mental  process  which 
occurred  when  he  saw  any  object  falling  near  him. 

545.  To  show  somewhat  the  extent  to  which  this  mental 
association  operates  in  the  brute  mind,  I  will  allude  to  some 
examples.    A  wren  built  its  nest  in  a  slate  quarry,  where  it 
was  liable  to  great  disturbance  from  the  blastings.     It  soon,* 
however,  learned  to  quit  its  nest,  and  fly  off  to  a  little  distance, 
whenever  the  bell  rang  to  warn  the  workmen  previous  to  a 
blast.     As  this  was  noticed,  the  bell  was  sometimes  rung  when 
there  was  to  be  no  blast,  for  the  sake  of  the  amusement  in 
seeing  the  poor  bird  fly  away  when  there  was  no  need  of  alarm. 
At  length,  however,  it  ceased  to  be  deceive<i  in  tliis  way,  and 
when  it  heard  the  bell  ring,  it  looked  out  to  see  if  the  workmen 
started,  and  if  they  did  then  it  would  leave  its  nest     In  this 
case  the  bird  merely  learned*to  connect  in  its  mental  associa- 
tions two  circumstances  with  the  blasting,  instead  of  the  one 
from  which  it  at  first  took  the  warning.     The  operation  of 
this  mental  association  is  shown  in  a  little  difl^erent  manner  in 
the  following  case.     Some  horses  in  a  field  were  supplied  with 
water  in  a  trough  which  was  occasionally  filled  from  a  pump. 
As  the  supply  was  not  alwap  sufficient,  one  of  the  horses,  more 
sagacious  tnan  the  rest,  whenever  he,  on  going  to  drink,  found 
the  trough  empty,  pumped  the  water  into  it  by  taking  hold  of 
the  pump-handle  with  his  teeth,  and  moving  his  he^  up  and 
down.     The  other  horses  seeing  this,  would,  whenever  they 
came  to  the  trough  and  found  it  empty,  tease  the  one  that 
knew  how  to  pump,  by  biting  and  kicking  him,  tft  he  would 
fill  the  trough  for  them.     In  this  case  the  horse  that  did  the 
pumping  associated  in  his  mind  the  motion  of  the  pump-handle, 
as  he  had  seen  it  done  by  his  master,  with  the  supply  of  water. 
And  while  they  associated-  this  supply  witli  his  pumping,  he 
knew  what  their  teasing  him  meant,  because  he  associated  it 
with  their  motions  about  the  trough,  indicating  so  plainly  that 
what  they  wanted  was  water.    But  I  will  give  a  still  stronger 
case.    A  dog  belonging  to  a  Frenchman  was  observed  to  go 
every  Batur&y,  preoMly  at  two  o'clock,  from  his  reu^enoe  at 
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Locoyarne  to  Hennebon,  a  dutanc«  of  about  three  qoarten  of 
k  league.  It  was  fbuod  that  he  went  to  a  hutches,  and  for 
the  purpose  of  getting  a  feait  of  tripe  trhich  he  conld  always 
have  at  that  hour  on  Saturday,  their  day  of  kilhng.  It  is  also 
related  of  this  d<^,  that  at  family  prayers  he  was  alwavn  very 
quiet,  till  the  last  patemotUr  wae  commenced,  and  tiien  he 
would  nniform^r  get  up  and  take  his  station  near  the  door,  in 
order  to  mahe  nis  exit  immediately  on  its  being  opened.  The 
narrator  of  fbose  tncta  thinks  that  the  first  fact  shows,  that  the 
dog  could  measure  time  and  count  the  days  of  the  week.  But 
this  cannot  be  lo.  The  dog  undoubtedly  associated  in  his 
mind  the  time  at  which  he  could  get  the  tripe,  with  something 
that  occurred  on  Saturday  at  that  hour  at  his  master's  house, 
just  as  he  aBsociat«d  the  concluding  of  family  prayers  with 
■ometliing  that  occurred  as  the  last  patemotUr  was  read,  per- 
haps with  some  peculiarity  in  the  manner  of  bis  master  when 
he  came  to  that  part  of  the  service. 

646.  Animals  leam  the  relation  between  cause  and  effect  by 
this  mental  association,  and  act  upon  the  eiperience  thus 
gained.  This  is  manifest  in  the  examples  I  have  cited.  And 
It  may  be  observed  in  inanv  acta  that  we  witness  occasionally 
in  the  higher  animals.  Thus,  for  example,  as  my  horse  was 
cropping  some  grass,  he  took  hold  of  some  that  was  so  stout, 
and  yet  so  loosely  set  in  the  ground,  that  he  pulled  it  up  by 
the  roots,  and,  as  the  dirt  which  was  on  it  troubled  him,  he 
very  deliberately  knocked  it  across  the  bar  of  a  fence  till  he  got 
all  the  dirt  out,  and  then  went  on  to  eat  it.  Here  waa  a 
knowledge  of  cause  and  effect  which  was  derived  fi^m  previous 
experience  through  mental  association.  Yon  see  the  same 
thing  when  you  see  a  cat  jump  up  and  open  the  latch  of  a 

,  door,  or  a  horse  unbolt  the  stable  door  to  get  out  to  his  pasture. 
But  in  all  such  cases  the  knowledge  of  cause  and  effect  differs 
from  the  same  knowledge  in  man  in  one  important  particular. 
In  the  animal  it  is  always  an  individual  knowledge,  that  is,  a 
knowledge  of  indiridual  facta ;  while  in  man  it  is  often  a  knowl- 
edge which  has  relation  to  general  truths  or  principles. 

647.  From  the  facts  stated  in  the  last  few  paragraphs  it  is 
clear,  that  Carpenter  is  not  correct  in  8a3dng,  that  "  the  mind 
of  man  differs  from  that  of  the  lower  animals,  rather  as  to  the 
dtffrrt  in  which  the  reasoning  (acuities  are  developed  in  him, 
than  by  any  thing  peculiar  in  tiieir  iind^  While  there  is  rnnoh 
in  common  between  them  in  their  modes  of  mental  action,  «•- 
pedally  if  man  be  oompared  with  otber  ■"■"■'■  in  Uw  pMlod 
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of  his  infancy  and  childhood,  thero  is,  as  you  have  seen,  one 
attribute  of  the  human  mind  which  is  wholly  peculiar  to  it, 
and  never  exists  in  any  degree  in  any  other  animal.  And  this 
attribute,  the  power  of  abstract  reasoning,  or  in  other  words, 
the  power  of  deducing  general  truths  or  Taws  from  collections 
of  individual  facts,  constitutes  the  great 'superiority  of  the  hu- 
man mind,  in  distinction  from  the  mind  of  the  brute. 

548.  It  is  this  attribute  which  is  the  sourcf  of  language  in 
man.  This  can  be  readily  seen  by  observing  what  is  the  na- 
ture of  language.  It  is  a  collection  of  corresponding  vocal 
and  written  signs  of  an  arbitrary  character,  arranged  accord- 
ing to  certain  general  rules  or  principles.  Other  animals  do 
have  a  kind  of  language  of  a  very  limited  character.  It  is 
the  language  of  natural  signs.  It  is  composed  of  cries  and 
motions,  which  vary  in  different  tribes  of  animals,  so  that  each 
tribe  may  be  said  to  have  its  own  natural  language.  But  an- 
imals never  invent  an<l  acrree  upon  any  arbitrary  signs,  as  is 
done  continually  by  mankind  in  the  construction  and  exten- 
sion of  language.  This  they  cannot  do,  because  abstract  rea- 
soning is  required  for  such  an  invention.  General  principles 
are  observed  in  the  construction  and  arrangement  of  arbitrary 
signs,  and,  as  I  have  shown,  brutes  know  nothing  of  principles. 

649.  This  attribute  also  is  the  source  of  man  s  belief  in  a 
Creator.  If  he  had  not  the  power  of  deducing  general  truths 
from  individual  facts,  he  could  neither  discover  the  truth  that 
there  is  a  first  great  Cause,  nor  appreciate  or  even  receive  it, 
if  it  were  communicated  to  liim.  Not  the  faintest  shade  of 
such  an  idea  can  be  communicated  to  any  of  the  inferior  jini- 
mals,  however  high  their  mental  manifestations  may  be,  and 
simply  because  the  structure  of  their  mind  is  such  that  theiy 
know  nothing  of  general  principles.  Carpenter  speaks  of  the 
disposition  to  believe  in  the  existence  of  an  unseen  but  pow- 
erful Being,  which  is  found  to  be  universal  even  among  the 
most  degraded  races  of  mankind,  as  a  natural  tendency,  which 
he  seems  to  think  is  implanted  in  the  human  breast  by  the 
Creator.  But  it  appears  clear,  that  it  is  a  mere  natural  result 
of  the  exercise  of  the  power  that  I  have  just  spoken  of. 

550.  Man  differs  from  other  animals  also  in  having  a  con- 
science, or,  a  knowledge  between  right  and  wrong,  and  a  sense 
of  obligation  in  relation  to  it.  This  moral  sense  is  supposed 
by  some  to  be  a  mere  result  of  the  exercise  of  the  power  of 
abstract  reasoning.  But  others  suppose  that  the  sense  is  im- 
planted as  a  distinct  quality  or  power,  and  that  the  office  of  the 
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reasoning  power  in  relation  to  it  is  to  bring  tbo  evidence  before 
it  for  ilfl  deciaion.  I  shall  not  discuss  tliia  point,  but  will  merely 
•  remark  in  regard  to  tbis  subject,  that  there  is  no  doubt  as  to 
the  existence  of  such  n  sense  in  man.  Some  attempt  to  throw 
doubt  over  it  b;  pointing  to  its  peiversions,  mAintAining  that  it 
13  a  mere  creature  of  circunisUnces,  varying  almost  endTessly  in 
different  parts  of  the  world.  But  it  would  be  just  as  rational  to 
attempt  to  show,  that  there  is  no  such  th'ing  as  a  senRe  of  the 
beautiful  in  man,  by  appealing  to  tbe  evidences  of  pervcrsi' 
of  taste,  which  ignorance,  bad  education,  and  foolish  and  n 
elty-loviug  fashion  have  induced. 

551.  In  thoKe  cases  in  animals  in  which  this  moral  sense  has 
been  supposed  to  eiist,  it  is  nothing  but  slavish  fear.  It  has 
been  siud  by  some  one  that  man  is  the  god  of  the  dog;  but  it 
is  sacred  trit!ing  to  compare  the  attachment  of  an  animal  to  its 
master  and  its  fear  of  his  displeasure,  with  tbo  intelligent  regard 
of  man  for  bis  Creator  as  a  holy  and  benevolent  being.  We 
ot'dinarily  recognize  the  distinction  between  man  and  animals, 
as  to  the  existence  of  a  conscience,  in  the  language  we  use. 
We  never  attach  the  idea  of  moral  character  to  the  acts  of  an 
animal  except  by  the  force  of  association,  and  then  only  slightly 
and  loosely.  We  are  not  apt  to  speak  of  punishing  a  dog,  for 
this  word  implies  a  moral  fuult  as  the  occasion  of  the  infliction. 
We  whip  him,  sometimes,  simply  to  as^ix^iato  in  his  raind  the 
smart  with  the  act  done,  so  as  to  prcvuut  him  from  dtuiig  it 
again,  and  sometimes  to  vent  our  ill  fueling  for  the  harm  done 
us  on  the  poor  dog  that  has  so  innocently  done  it.  It  is  related 
of  Sir  Isaac  Newton  that  lie  had  a  favorite  little  dog  called 
Di:imond,  who  being  left  in  his  study,  overset  a  candle  among 
liid^ffbrs,  and  thus  burnt  up  the  almost  finished  labors  of  many 
years,  and  yet  the  philosopher  only  said.  "O  Diamond !  Dia- 
mond 1  thou  little  knowest  the  mischief  thou  hast  done."*  New- 
tun  was  both_a  wise  and  a  good  man,  and  while  he  saw  that 
whipping  the  dog  would  do  no  good  in  jircvcnting  any  similar 
accident  in  future,  he  had  no  ill  feeling  to  vent  on  poor  Diamond, 
who  certainly  bad  a  better  and  more  rational  master  than  most 
dogs  have. 

553.  The  meotal  distinction  between  m^tn  and  animals  may 
be  thus  summed  np.  The  animal  is  governed  by  instinct,  and 
in  the  higher  orders  by  a  kind  of  reasoning  which  is  based  npoD 
mental  a^ficiation.  Man  has,  in  addition  to  instinct  and  this 
lower  order  of  reasoning,  tbe  .power  of  abstract  reasoning.  In 
ti)0  lomr  Olden  of  animAla  probably  instinct  rules  klooe.     In 
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them  there  is  uono  even  of  the  limited  reasoninp^  which  we 
in  the  higher  animals.  They  have  a  nervous  system  with  cer- 
tain central  organs,  but  have  really  no  one  great  central  orgau* 
that  we  can  call  the  brain.  As  we  trac«  the  animal  kingdom 
upward,  we  soon  find  that  a  brain  appears,  that  is,  such  an 
organ  as  may  be  considered  the  chief  centre  of  the  nervous  sys- 
tem. And  then,  as  we  continue  to  trace  upward  in  the  scale, 
we  find  that  the  more  intelligence  or  reasoning  there  is,  the 
more  prominent  is  the  brain  in  proportion  to  other  parts  of  this 
system.  When  we  come  to  man  the  brain  is  much  larger  than 
in  any  other  animal,  and  his  intellijrence  is  not  only  greater, 
but  it  is  of  a  different  character.  Not  only  is  the  amount  of 
his  reasoning  by  association  greater  than  in  other  animaU,  but 
there  is  also  superadded,  as  his  grand  distinguishing  mark,  the 
power  of  abstract  reasoning. 

653.  Instinct,  you  have  seen,  cannot  bo  improved  by  educa- 
tion. It  always  acta  in  the  same  way  througliout  the  life  of  an 
animal,  and  through  the  succeeding  generations  of  the  tril)e.  It 
has  no  accrumulated  experience,  cither  individual  or  traditional. 
But  it  is  otherwise  with  the  two  kinds  of  reasoning  power. 
These  can  be  educated,  and  they  have  an  experience.  But  here 
there  is  a  marked  difi'orcnce  between  the  two  kinds  of  reason- 
ing. The  lower  kind  of  reasoning,  that  of  mere  association, 
which  is  the  only  kind  possessed  by  animals,  is  altogother  in- 
dividual, and  is  not  at  all  traditional.  However  wise  an  animal 
may  become,  there  is  no  transmission  of  his  wisdom  to  his 
*X)sterity.  No  animal  can  start  from  a  point  of  knowledge 
gained  by  his  ancestor,  as  a  vantage  ground,  and  thus  make 
greater  advances  than  his  predecessors.  Each  animal,  in  ac- 
quiring experience  as  to  the  relations  of  cause  and  effect,  na*  to 
begin  at  the  beginning,  and  Iwirn  every  thing  for  himself  The 
higher  form  of  reasoning,  that  which  man  alone  possesses,  is 
absolutely  essential  to  the  transmission  of  experience  from  one 
generation  to  another.  It  is  necessary  to  the  transmission  even 
of  that  experience  which  is  gathered  by  the  other  power  of 
reasoning,  as  well  as  that  which  is  gathered  by  itself.  The 
amount  of  improvement  which  can  be  effected  where  there 
is  only  the  lower  kind  of  reasoning  to  act  upon,  is  very  won- 
derful in  the  case  of  some  of  the  docile  animals.  The  dog,  the 
elephant,  the  monkey,  &c.,  are  familiar  examples.  By  the 
skillful  and  persevering  use  of  mental  association  in  the  training 
of  animals,  results  can  be  obtained,  that  resemble  very  doeeij 
those  whidi  oome  fK)iu  man's  power  of  abstract  reasoniiig; 
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And  in  Bonie  cases  the  animal  accumulates  quite  a  large  indi- 
vidual  experience.  But  his  nice  is  none  the  wiser  for  iL  It  i> 
none  of  it  transmitted  to  another  geueralion. 

.  554.  Wo  see  then  the  basis  of  improTement  in  man.  It  is 
not  his  power  of  making  inferences  merely.  The  brutes  do 
this.  It  is  his  power  of  making  general  inferences,  or,  in  other 
words,  deducing  general  laws  or  principles  from  individual  facts. 
And  as  this  power  distinguishes  man  from  the  inferior  animals, 
BO  a  nuperior  degree  of  it  ordinarilj  conalitutea  tlie  intellectual 
suporioritf  of  one  man  to  another.  This  is  seen  very  readily  in 
inventions  and  discoveries.  In  the  case  of  almost  every  inven- 
(ion  or  discovery,  the  individual  focta  upon  which  it  is  based 
were  known  to  many  others,  perhaps  even  a  loDg  time  befbr« 
the  invention  or  discovery  was  made.  The  merit  of  the  in- 
ventor or  discoverer  consists  in  having  seen  the  available  general 
truth  indicated  by  the  facts,  and  traced  out  its  application  to 
.  certain  obji'cts  to  be  attained.  Thus,  to  take  a  single  example, 
dairymen  and  dairywumen  in  great  numbers  knew  the  fact, 
that  a  certain  disease,  derived  from  the  cow  acddentally  by  in- 
dividuals, prevented  them  from  taking  tlie  small  pox;  but 
Jetiner  was  the  first  to  see,  that  here  was  developed  a  Treat 
general  fact,  capable  of  universal  application.  And  thus  .eeing 
the  wide  scope  of  the  fiict,  he  collected  the  proo&  of  it,  and  de- 
vised the  means  by  which  it  could  be  made  available  to  prevent 
tin)  ravines  of  one  of  the  great  scourges  of  the  race.  It  waa 
by  the  generalizing  power  of  his  reasoning  that  he  went  beyond 
dairymen  and  dairywomen,  and  became  the  discoverer. 

565.  It  is  interesting  to  observe  that  while  the  capabilitiea 
of  instinct  are  developed  rapidly,  sometimes  almost  instantane- 
ously, the  capabilities  of  the  reasoning  power  are  developed 
gradually.  Specially  is  this  the  case  with  the  higher  reasoning 
power,  that  distinguishes  man  from  the  brutes.  The  child  is 
governed  at  the  first  wholly  by  instinct ;  and  then  w6  he  gathers 
knowledge  of  the  world  around  him  through  his  senses,  mental 
association  cornea  into  play.  By  the  exercise  of  the  lower  kind 
of  reasoning,  which  he  has  in  common  with  animals,  he  accumu- 
lates experience  of  the  relation  of  cause  aud  effect  Thus  far 
he  is  on  common  ground  with  animals,  that  ia,  those  of  t^ 
higher  orders,  eioept  that  he  adds  more  Isnely  to  his  experience 
from  mental  asaodation  than  thay  do.  Meanwhile  the  powei 
of  abttract  reaaoning  is  gradually  developed,  raising  him  up 
from  the  level  of  the  brutes,  aud  introdudng  him  into  compui- 
ioDship  with  the  whole  intelligent  oreation,  even  with  God  him- 
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self,  whose  image  he  hears  in  possessing  this  attribute.  This 
power  of  generalizing  facts  is  developed  earlier  than  is  generally 
supposed.  It  is  of  course  feeble  at  first,  and  has  a  narrow 
range ;  but  it  very  early  shows  itself  sufficiently  to  indicate  to 
us  clearly,  that  the  child's  mind  differs  essentially  from  that  of 
the  brute.  And  when  disease  -or  original  physical  defect  pre- 
vents its  development,  we  see  the  mental  deficiency,  and  the 
consequent  resemblance  of  the  child  in  mental  character  to  the 
inferior  animals. 

556.  When  this  characteristic  power  of  the  mind  of  man  is 
fully  developed,  its  achievements  are  oflon  so  wonderful,  that 
they  give  us  some  realization  of  the  great  truth,  that  man  is 
created  in  the  image  of  GU>d.  As  we  witness  the  demonstra* 
tion  of  such  facts  as  Newton  discovered,  or  the  unerring  calcu- 
lations of  an  eclipse,  or  listen  to  a  perfect  argument  as  it  developi 
grand  truths,  and  leads  us  with  a  majesty  of  thought  almost 
divine,  straight  on  to  mighty  conclusions,  we  take  in  the  full 
moaning  of  the  assertion,  that  *Hhe  soul  is  that  side  of  our  na- 
ture which  is  in  relation  with  the  Infinite,"  and  we  see  the  iblly 
of  those  dreamers  in  science,  that  look  upon  man  as  making 
merely  the  highest  order  in  the  animal  kiugdomi  We  see  that 
the  chasm  between  him  and  other  animals  is  truly  ^*  impassable." 
We  see  that  we  are  in  a  mental  region  of  which  the  most  intel- 
ligent of  them  know  nothing — that  though  they  hve  like  us, 
having  the  s^ime  senses,  seeing  the  elfime  beautiful  things,  and 
hearing  Uie  same  voices  of  nature,  and  like  us  have  thoughts 
and  emotions  and  desires,  they  are  shut  out  from  an  upper  region 
of  thought  and  feeling  in  which  we  freely  roam,  and  from  which  we 
look  with  aspirations  unknown  to  them  to  another  world  beyond. 

55*7.'  As  the  mental  capabilities  peculiar  to  jnan  are  slowly 
developed,  so  it  is  with  his  physical  frame,  and  the  powers  that 
b<*long  to  it  Though  man  at  length  so  excels  all  other  animals, 
that  they  are  subj<'ct  to  his  power  as  their  master,  he  is  at  the 
6rst  the  most  helpless  of  all  animals.  He  is  a  long  time  *'  in 
the  nurse's  arms,"  and  for  years  he  is  unable  to  obtain  his  own 
food.  He  does  not  reach  the  full  strength  of  his  body  and 
mind  till  he  is  more  than  twenty  years  of  age.  He  is  in  strong 
contrast  with  other  animals  in  regard  to  this  slowness  of  devel- 
opment, they  generally  reaching  their  full  capabiUties  in  a  short 
time.  But  even  among  them,  it  is  to  be  observed,  that  there  is 
a  difference  in  this  respect,  in  obedience  to  a  general  law,  that 
the  higher  the  capabiUties  are,  the  slower  they  are  in  their  de- 
velopment 


HAH   AND  THE  INFERIOB  ANIUALa.  866 

DIITtnim  bonni  mu  ipl  wiimili  In  ptaritcal  trntowmaaa. 

S5d.  The  diSei^nces  between  the  physical  endowments  of 
mttn,  and  Uiose  of  tlie  higher  orders  of  ftnima1»,  are  often  veiT 
niinutel;  described.  But  though  strongly  marked,  too  macb 
prominence  is  ordinarily  given  to  them.  They  ahoulii  be  con- 
fidered  an  subordinate  altc^thcr  to  the  mental  differences. 
Thus,  much  is  often  said  of  the  superiority  of  man  in  regard  to 
the  possession  of  a  liiitid,  on  which  I  have  remarked  in  various 
]i](rLs  of  {his  book.  IJut  nhy  should  he  have  such  nn  instrument 
gircQ  to  him?  Simjily  because  he  hna  a  mind  which  is  not^ 
only  capable  of  dirrcting  it,  but  which  needs  such  an  instrument 
to  produce  suitable  rexults*  in  its  action  on  the  world  around. 
If  other  BpimaU  luid  a  hand  they  could  not  use  it  properly. 
7  "ley  have  instruments  of  a  different  character,  of  lesa  variona 
capabilities,  but  such  as  are  suited  to  their  wants  and  powers. 
The  same  thing  can  be  said  of  other  bodily  eudonrnenta.  They 
are  always  suited  in  riinge  and  power  to  the  wants  and  mentiil 
capabilities  of  the  Bninial,  As  we  trace  out  this  generaridea, 
we  find  that  some  animals  have  some  bodily  endowments  which 
far  excel  the  same  in  man.  Thus,  some  have  ^^eator  pAers 
of  vision  and  hearing  than  he  has,  because  they  need  them. 
So,  too,  some,  have  endowments  of  which  we  find  no  trace  in 
man,  as,  for  example,  the  power  of  flying.  For  the  same  reaaon 
most  animals  have  spcKiial  natural  means  of  defense  agunat  the 
attacks  of  other  animals;  but  man  has  not,  because  he  has  no  ■ 
need  of  them,  as  by  his  ingenuity  he  can  contrive  such  means  as 
he  may  require. 

55S.  The  physical  endowments  of  man  in  comparison  witff 
aoimab  nre  indued  wonderful,  and  correspond  with  his  spiritual 
endowments,  so  far  as  gross  matter  can  compare  with  subtl^,* 
immaterial  mind.  We  have  looked  at  these  endowments  in  ^ 
detail  in  various  parts  of  this  book.  Xet  us  glance  at  the  prin- 
cipal of  them  collectively.  As  the  muscles  are  the  oi^ns  by 
wliich  all  communication  between  man  and.  man,  and  indeed 
all  action  upon  the  external  world  is  eSecbid,  it  is  in  the  endless 
combinations  of  muscular  action  that  man  is  moat  signally  su- 
perior to  animals  in  physical  endowmenL  This  is  shown,  as 
you  have  seen,  in  the  human  hand,  whether  it  be  looked  at  as 
an  instrument  for  work  or  for  expression.  The  same  thing  we 
see  exhibited  almost  as  strikingly  in  the  muscles  of  the  voice — 
both  \]fpse  which  by  their  dclicute  and  accurute  action  regulaf 
the  vocat  ligaments,  and  those  which  by  their  complicated  aCfjr 

S've  the  voice  all  its  variety  tt  articulation,  capeoiaHy  the  UtI 
ut  let  ns  look  at  the  body  aa  a  whole.     Man  walks  «ns 
31* 
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ngniBcant  characteristic  of  him  as  differing  from  animals.  And 
though  "there  be  grace  of  movement  in  many  animals,  it  is  not 
iif  any  case  to  be  compared  \?ith  that  which  we  see  exhibited  by 
the  erect  human  form.     The  extreme  variety  of  combination  in 

^the  action  of  the  muscles  in  man  isone  cause  of  this  superiority. 
But  another  and  the  chief  cause  is  the  impress  of  beauty  given 
to  graceful  action  by  the  mind.  Almost  all  muscular  action 
speaks  to  us  a  language  that  comes  from  the  thought  and  feel- 
|ng  at  work  within,  even  when  it  is  unintended ;  and  this  is  the 
mrce  of  a  large  portion  of  the  enjoyment  that  we  receive,  for 
the  most  part  unconsciously,  from  the  graceful  movements  that 
we  witness  in  our  fellow  men.  And  when  in  a  beautiful  and 
graceful  form  we  come  to  add  to  the  ordinary  movements  of  the 
body,  which  are  commonly,  though  improperly,  considered  as 
meaningless,  those  movements  which  are  distinctively  expressive 
of  thought  and  emotion,  we  are  filled  with  admiration  of  the 
wonderful  capabilities  of  the  human  frame  in  graceful  action. 

660.  The  human  form  in  repase,  when  in  its  greatest  perfec- 
tion,#far  transcends,  as  a  combination  of  varied  beauty,  any 
thing  that  we  see  in  the  inferior  animals.  But  its  superiority 
in  this  respect  is  best  seen  when  the  intelligent  and  fe<^ling 
mind  puto  it  into  action.  And  this  is  especially  true  of  those 
parts  which  are  most  engaged  in  expression — ^the  hand  with  its 

-  endlessly  varied  movements,  but  most  of  all  the  face.     It  is  in 
this  noblest  part  of  the  human  frame  that  the  soul  of  man, 

*  rough  the  subtle  agency  of  the  nerves,  most  strikingly  imprints 
immaterial  qualities  upon  a  material  form,  and  exhibits  the 
highest  graces  of  motion  in  the  delicate  and  ever  varying  play 
^Jft  the  muscles.  And  when  in  the  impassioned  speaker,  while 
^the  mufcles  of  the  voice  and  articulation  are  executing  their 
exceedingly  rapid  and  complicated  movements,  we  see  the  whole 
frame  in  its  motions  and  attitudes  brought  into  consonance  with 
the  burning  words  and  the  beaming  countenance,  we  take  in 
the  full  idea  of  the  adaptation  of  the  human  body  to  the  mind 
tliat  tenants  it  Though  the  hand  is  commonly  spoken  of  as 
affording  the  best  illustration  of  man's  superiority  to  other  ani- 
mals in  muscular  action,  it  is  far  from  being  as  impressive  an 
exhibition  of  it  as  this  action  of  the  whole  frame.  It  is  when 
the  mind,  through  the  numberless  nerves  that  connect  it  with., 
every  part  of  the  body,  brings  them  all  into  its  service^  ex- 
pre^on,  that  we  get  the  most  exal^  conception  of  the  excel- 
lenoe  of  the  Mbnan  organization.    ^ 
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CHAPTER  XIX. 

TAEBTIB  OP  THl  HCltAK  RAOl 

•  561.  Althocoh,  as  wo  look  at  men  of  different  nations,  we 
6nd  that  there  is  a  general  agreement  in  form  and  organize 
tion,  there  are  many  points  in  which  they  strikingly  differ  from 
■  '•ach  other.  "  Witli  those  forms,  proportions,  and  colors,"  says 
'  Mr.  Lawrence,  "  which  we  consider  so  beautiful  in  the  fine  ^- 
uras  of  Greece,  contrast  the  woolly  liair,  fiat  nose,  thick  lips,  the 
retreating  forehead,  advancing  jnws,  and  black  skin  of  the  negro; 
or  the  broad  square  face,  narrow  oblique  eyes,  beardless  chin, 
coarse  straight  hair,  and  olive  color  of  the  Calmucb.  Compare 
the  ruddy  and  sanguine  European  with  the  jet  black  African, 
the  red  man  of  America,  the  yellow  Mongolian,  .or  the  brawn 
Soutli  Sea  blander;  the  gigantic  Patngonian  to  the  dwarfish 
Laplander;  the  highly  civiKzed  nations  of  Europe,  so  conspicu- 
ous in  arts,  science,  literature,  in  all  that  can  strengthen  and 
adorn  society,  or  exalt  and  dignify  human  nature,  to  a  troop  of 
naked,  shivering,  and  starved  Xew  Hollanders,  a  horde  of  filthy 
Hottentots,  or  the  whole  of  the  more  or  1™«  barbarous  tribea, 
that  cover  nearly  the  entire  ^ntinelit  of  Africa ; — and  althoogh 
we  must  refer  them  all  to  the  same  species,  they  di^r  so  to- 
markably  from  each  other  as  to  admit  of  being  classed  into  a 
certain  number  of  great  varieties ;  but  with  regard  to  the  pre- 
cise number,  naturalists  have  differed  materially."  Cuvier  ad- 
mitted but  three  varieties,  the  Caucasian,  Negro,  and  Mcngolxan. 
The  more  commonly  received  classification,  however,  is  that  of 
Blumeobach,  who  makes  five  varieties,  viz.,  the  Caitcaaian, 
£lkiopu>n,  Jfoiu/oliaa,  American,  and  Malay. 

5S2.  The  chief  characteristic  of  the  Caucasian  variety  is  the 
fine  form  of  the  bead,  it  being  nearly  oval,' as  you  view  it  from 
the  front  It  ia  also  characterized  by  a  great  range  of  varia- 
tions of  the  color  both  of  the  skin  and  the  hair.  There  has 
been  more  of  civilixation  and  improvement  of  every  kind  in  this  • 
race  than  in  any  of  the  others.  It  is  mentally  superior  to  the 
other  races.  It  is  called  Caucasian  from  Mount  Caucasus,  from 
the  viduity  of. which,  it  is  luppoeed,  it  originated.  Even  at  tha 
present  day  it  ii  aaid  that  the  characteristics  of  this  laoe  AM 


868  HUMAN  PHYSIOLOGY. 


Blnmenbaeh**  elMsifieation — moct  commonly  raeeircd. 


most  perfectly  developed  in  tlie  Georgians  and  Circaasiaos,  who 
live  in  the  neighborhood  of  this  range  of  mountains,  and  who 
are  considered  the  handsomest  people  in  the  world. 

663.  The  Ethiopian  variety  is  quite  in  contrast  with   the 
Caucasian.     The  organization  has  not  the  perfection  and  ele- 
gance which  the  Cauca-ian  pre^nts,  and  it  shows  an  ap]:>roxi- 
mation  to  the  higher  orders  of  the  inferior  animals.     The  skull 
is  small.     The  forehead  is  retreating,  while  the  face  below  ^ 
projecting,  the  cheek  bones  being  prominent,  and  the  nose  . 
broad.'   The  apparatus  of  the  senses  is  thus  fully  developed, 
while  the  brain  is  less  than  in  the  Caucasian.     The  hair  is  blacky.  ■ 
oily,  and  frizzled.     It  is  commonly  said  to  be  woolly,  but  it  it^  .^ 
really  not  so.     Dr.  Carpenter  says  that  "  microscopic  examina- 
tion clearly  demonstrates  that  tlie  hair  of  the  negro  has  exactly 
the  same  structure  with  tliat  of  the  European,  and  that  it  does 
not  bear  any  resemblance  to  wool  save  in  its  crispiness  and  its 
tendency  to  curl.''.    The  skin  is  generally  black ;  but  not  so  in 
all  the  race,  for  the  Caffirs  and  the  Hottentots  are  yellow. 

664.  The  Monr/oUan  variety,  of  which  the  Chinese  race  forms 
the  largest  family,  is  characterized ,  by  prominent  broad  cheek 
bones,  flat  square  face,  small  oblique  eyes,  straight  black  hair, 
scanty  beard,  and  olive  skin. 

565.  The  American  variety  is  characterized  by  high  cheek 
bones,  a  narrow  low  forehead,  features  large  and  bold,  except 
the  eyes,  which  arc  deeply  sunken  in  large  sockets,  hair  gen- 
erally black,  stiff  and  straight,  ani  complexion  varying  from  a 
crimson  brown  to  a  deep  copper. 

666.  The  Malay  variety,  which  occupies  the  Islands  south 
of  Asia,  in  the  Indian  and  Pacific  oceans,  has  not  so  well  marked 
characteristics  as  the  other  varieties.  The  complexion  is  brown, 
varying  from  a  light  tawny  to  almost  black,  the  hair  is  black 
and  thick,  the  forehead  is  low  and  round,  the  nose  is  full  and 
broad,  the  nostrils  wide,  and  the  mouth  large. 

567.  Other  classifications  have  been  made,  in  some  of  which 
the  human  race  is  divided  into  many  more  varieties.  Any 
classification  must  be  in  a  great  measure  arbitrary,  and  must 
be  regarded  rather  as  a  convenience,  than  as  .ha\nng  the  defi- 
nite and  invariable  character  which  belongs  to  tnily  scientific 
•  distinctions.  In  each  of  the  ^\(^  divisions  of  Blumenbach 
there  is  great  diversity.  Thus,  in  the  Caucasian  variety,  the 
English,  the  French,  the  German,  the  Irish,  <kc.,  are  quite  dis- 
tinct from  each  other.  And  we  sometimes  see  very  striking 
characteristic  marks  separating  single  families  froin  others.  '  The 
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varietieB  of  tlie  race  are  tbua  almost  endless,  the  lesser  differing 
only  in  degree  from  the  larger, 

5S8.  The  national  differences  are  evideotlj  produc«d  bj 
causes  of  very  much  the  same  character  with  those  which  pro- 
duce differences  in  individuals  and  fiimilicH.  And  the  questJon 
arises  whether  such  differences  ad  those  which  Blumenbach  de- 
scribes as  marking  the  mccs,  are  not  produced  in  a  similar 
manner.  This  queHlion  hits  been  much  disciiMed,  and  there  is 
great  difference  of  opinion  in  regard  to  it.  The  great  majority 
of  Daturalisls  bi'iievo  in  the  unity  of  the  origin  of  the  human 
race,  and  hold  that  its  varieties  are  the  results  of  the  s-arioui 
circumstances  by  whicli  man  has  been  surrounded.  But  some 
suppose  that  the  different  varietirt  come  from  separate  pairs 
created  by  Uod  in  different  locnlities,  and  liold  that  the  history 
in  Gcnoflis  is  a  history  of  the  origin  of  only  one  of  the  varietiea 
of  the  race.  Those  who  advocate  this  doctrine  are  few  in  num- 
ber ;  but  it  has  ao^uired  greater  currency  of  iate,  because  oD6 
of  the  moat  eminent  naturalists  of  the  present  day,  ProfeMor 
Agassis,  lias  espoused  it  Bis  doctrine  on  this  subject  I  will 
gis'e  as  briefly  as  po)«ible. 

569.  All  animals,  he  asserts,  like  plants,  hare  particular  lo- 
caliiJes,  for  which  they  are  fitted,  and  to  which  they  belong'. 
Thcsu  zoological  provinces,  as  ho  terms  them,  are  of  unequal 
extent,  some  animals  having  a  wider  range  than  otliers.  from 
this  general  law  of  distribution,  which  he  illustrates  with  manv 
&icts,  he  infers  thait  the  various  anin>als  on  the  face  of  the  earth 
wi're  not  created  in  one  part  of  the  earth  and  distributed  from 
this  to  other  parts,  but  were  created  in  the  provinces  to  whioh 
tliey  belong.  This  view  of  the  subject  forces  ilaelf  upon  th« 
mind  of  the  naturalist,  as  he  observes  the  arrangement  of  the 
various  tribes  of  animals  on  the  earth's  surface.  And  bcsidM, 
t]ii-re  are  apparently  insurmountable  difficulties  in  the  nay  of  a 
diffusion  of  animals  over  the  globe  by  means  of  migration.  For 
example,  we  cannot  conceive  bow  the  polar  animds  could  have 
migrated  over  the  warmer  tracts  of  land,  which  they  would 
have  to  cross  according  to  this  supposiljon,  for  it  is  impossible 
now  ta  keep  them  alive  under  such  circmnstances  with  the 
greatest  precautions.  And  farther,  aome  animals  of  the  same 
species,  sometimes  presenting  varieties  and  sometimes  not,  are 
found  in  different  localities  which  are  so  cut  off  from  all  cota- 
mnnication  with  each  other,  that  it  is  impossible  that  these  ani- 
mals could  migrate  from  some  one  locality  to  all  the  rest  "7^ 
Runme,"  h«  reniuto,  "Uiat  tha  geographical  diltribniiaa 
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Buch  animals,  inhabiting  zoological  districts  entirely  disconnected 
with  each  other,  is  to  be  ascribed  to  physical  causes,  that  these 
animals  have  been  transported,  and,  especially,  that  the  fishes 
which  live  in  fresh  water  basins  have  been  transported  from 
place  to  place — to  suppose  that  perches,  pickerels,  trouts,  and 
so  many  other  species  found  in  almost  every  brook  and  every 
river  in  the  temperate  zone,  have  been  transported  from  one 
basin  into  another  by  freshets  or  by  water  birds — is  to  assume 
very  inadequate  and  accidental  causes  for  general  phenomena.'' 
Not  only  then  were  different  species  of  animals  created  origi- 
nally in  different  localities,  but  it  is  also  true  to  a  considerable 
extent,  that  animals  of  the  same  species  occupying  different  lo- 
calities were  created  in  those  localities. 

670.  All  this  he  claims  to  be  consistent  with  scripture,  and 
with  very  good  reason.  The  account  of  the  preservation  of  an- 
imals in  the  ark,  interpreted  according  to  the  common  license 
of  language,  indicates  really  only  >uch  a  preservation,  as  would 
be  necessary  for  the  stocking  of  that  part  of  the  world  where 
Noah  and  his  familv  were,  after  the  waters  should  subside. 
The  number  and  the  variety  of  the  animals  preserved  for  this 
purpose  would  of  course  be  very  great,  and  would,  according  to 
the  common  usage  of  languac:e  in  narration,  be  spoken  of  in 
the  terms  used  in  the  Bible.  This  interprctation  holds  equally, 
whether  the  deluge  be  considered  as  having  been  partial  or 
universal. 

671.  The  case  being  thus  quite  clearly  made  out  in  relation 
to  animals  generally,  he  proceeds  to  trace  an  analogy  between 
them  and  the  races  of  man  in  this  i-espect.  He  supposes  that 
there  are  certain  zoological  provinces  for  the  different  human 
races,  as  there  are  for  the  different  si)ecie8  and  varieties  of  ani- 
mals; and  that  these  races  were  separately  created  in  these 
provinces  with  oi^nizations  suited  to  their  peculiar  localities. 
Wliile  he  allows  that  climate  and  other  influences  affect  the 
varieties  of  the  human  race,  he  claims  that  they  are  not  com- 
petent to  produce  them  alone;  and  he  infers,  therefore,  that 
there  must  have  been,  as  in  the  case  of  animals,  different  original 
creations  in  the  different  zoological  districts.  He  accordingly 
claims  that  the  history  given  in  Genesis  is  a  history  of  the  origin 
of  only^one  branch  of  the  human  family.  He  does  not  sup- 
pose that  the  different  branches  constitute  different  species,  but 
are  made  varieties  of  one  species.*     He  characterizes  mankind 
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as  beinff  every  where  easenti&Ily  the  same  io  mental  character, 
and  alike  the  accountable  subjects  of  Ood'a  kingdom,  notwith- 
standing their  multiple  origin.  It  is  in  this  reipect  lliat  ho 
ooQsidt^ra  them  an  being  of  one  brotherhood,  and  he  looln  upon 
the  expreHioD  !n  the  Bible,  "made  of  one  blood,"  as  being  en- 
tirely figurative,  and  as  referring  to  "  the  higher  unity  of  man- 
kind, and  not  to  their  supposed  connection  by  natural  descent" 

I  do  not  propose  to  go  into  a  thorough  discussion  of  this 
question.  This  would  not  be  possible  in  the  narrow  limils  of 
a  chapter.  1  (ha,]\  only  present  a  general  view  of  the  chief 
facts  and  arguinenti  that  bear  upon  the  point  at  issue.  And 
let  us  look  at  this  subject  first  in  the  light  of  ph^ology  aod 
natural  history. 

A72.  The  great  majority  o!  pbysiologista  and  naturalists,  M 
I  have  before  remarked,  buve  thus  far  l^n  of  the  opinion  ^tat 
the  human  race  came  from  one  origin,  and  that  the  varieties  of 
it  have  been  produced  by  the  various  influences  to  which  man 
has  been  subjected.  These  arc  comtnonly  included  in  the  gen- 
eral eipression,  climatic  and  other  in/tamee*.  To  be  more  par- 
ocular,  they  are — climate,  situation,  food,  clothing,  custom^ 
habits,  way  of  life,  state  of  civilization.  Too  ji^at  prominenoe 
has  been  undoubtedly  given  to  the  infiuence  of  climate.  Law- 
rence very  justly  remarlU  in  his  general  conclusions  in  regard 
to  the  production  of  the  varieties  in  man  and  animals,  "that  of 
the  circumstances  which  favor  this  disposition  to  the  producdoA 
of  the  varieties  in  the  animal  kingdom,  the  mg^t  powerful  ia  the 
state  of  domettication."  This  word,  as  he  uses  it,  includes  all 
those  social  influences,  which  as  mHuifesily  affect  the  animals 
which  roan  domesticates  ns  they  do  man  himself.  The  analcwy 
between  man  and  animals  in  rtilation  to  the  results  of  tlie  intln- 
ences  referred  to  I  sliali  soon  spenk  of  more  particularly. 

673.  That  climatic  and  other  influences  do  have  a  very  great 
agency  in  producing  the  varieties  both  individual  and  general, 
that  we  see  on  looking  over  the  human  family,  no  one  doubts. 
The  only  question  is,  whether  they  have  produced  ail  these 
difierences — whether,  for  example,  they  have  occasioned  that 
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very  wide  differenco  that  we  see  between  the  Caucasian  and  tha 
Ethiopian.  My  limits  will  not  allow  me  to  go  into  a  full  exam- 
ination of  the  influence  of  these  causes,  and  I  can  only  touch 
upon  a  few  points  in  a  very  general  way. 

574.  That  climate  has  a  great  influence  upon  the  color  of  the 
race  is  proved  by  many  clearly  observed  facts.  Tropical  heat 
always  nas  a  tendency  to  produce  a  black  skin.  This  is  shown 
very  decidedly  in  the  case  of  the  Jews,  who  have  preserved  their 
characteristic  features  amid  varieties  of  climate,  and  yet  have 
their  color  altered.  Thus,  while  the  Jew  of  the  interior  of 
Europe  has  a  fair  complexion  and  light  httir,  under  the  scorching 
Bun  of  India  his  hair  is  crisped,  and  his  skin  is  black.  The  ev- 
idence of  the  influence  of  climate  is  the  stronger  in  this  case, 
because  the  change  from  the  original  color  has  been  two-fold. 
For  the  original  Jew  in  Palestine  had  undoubtedly  a  dusky  skin 
and  dark  hair,  upon  which  the  tcm{>erat«  climate  of  the  interior 
of  Europe,  and  the  tropical  climate  of  India  have  produced  two 
opposite  effects. 

575.  But  in  the  varieties  of  the  human  race  there  are  differ- 
ences of  form  as  well  as  of  color.  That  the  various  influences 
to  which  man  is  subjected  have  a  marked  effect  upon  his  phys- 
ical form  is  universally  acknowledged.  We  see  this  alike  in 
individuals,  families,  and  nations.  *  Intellectual  and  moral  influ- 
ences manifestly  have  some  agency  in  moulding  the  shape  of 
the  head  in  the  individual.  The  differences,  which  we  so  com- 
monly see  in  the  .shape  of  the  head  between  the  intellectual  and 
the  ignorant,  are  not  owing  altogether  to  original  difference 
of  capacity,  but  in  part  to  education.  The  brain,  lilte  all  other 
organs  in  the  body,  is  influenced  in  its  development  by  the 
degree  of  activity  to  which  it  is  stimulated.  It  is  not  made  an 
exception  to  this  general  law  of  doveloj)ment.  Accordingly  we 
find  that  depressing  influences  tend  to  make  tlie  top  of  the  head, 
tli3  cerebral  part,  small,  and  the  fbrehead  retreating,  while  tlie 
face,  from  the  predominance  of  the  sensual  over  the  intellectual, 
is  rendered  relatively  too  prominent.  The  tendency  of  elevating 
influences  is  of  an  opposite  character.  And  such  influences,  thus 
operating  in  the  individual,  when  repeated  and  accumulated 
from  veneration  to  generation,  produce  great  and  lasting  results. 
It  is  thus  that  a  race  becomes  either  degraded  or  elevated.  By 
a  continuance  and  accumulation  of  influences  it  acquires  either 
a  good  or  a  bad  flxed  character. 

576.  I  have  thus  spoken  of  one  class  of  causes  c^ecdng 
changes  in  the  physical  form,  the  influence  of  which  is  manifest 
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But  there  sre  cfaangeB  seen,  the  causes  of  which  we  cannot 
clearly  make  out ;  and  yet  we  know  that  tKey  are  occaMoned 
by  the  varying  circumstances  in  which  man  is  placed.  By  tbe 
compound  inQuence  of  many  causes  combined  we  continually 
«ee  differences  in  the  ahapea  of  various  parta  of  the  body  intny 
duccd.  Family  and  national  peculiarities  are  thus  occasioned. 
The  influences  to  which  I  have  thus  referred,  some  of  which  are 
little  understood,  are  all  those  which  Mr.  Lawrence  includes  in 
the  term  domrttication,  which,  as  I  have  before  s^d,  be  applies 
to  man  as  well  as  to  animals. 

577.  Dr.  Prichard  lias  pointed  out  three  diflerent  types  of 
form  in  the  head,  occasioned  by  three  distinct  classes  of  influ- 
ences. One  he  terms  the  prognathous,  (a  word  derived  from 
two  Greek  words  meaning  brfore  and  the  Jain,)  in  which  the 
jawa  project  very  prominently  forward.  This  formation  is  char- 
acterized  by  tbe  predominance  of  the  sensual  over  the  intel- 
lectual, the  apparatus  of  the  senses  being  largely  developed, 
while  the  cerebrum  is  small,  making  the  foreheaj  retreating. 
The  tendency  to  assume  this  type  is  always  in  proportion  to  tie 
action  of  the  degrading  influences.  "  Want,  squalor,  and  igno- 
rance," says  Carpenter,  "  have  a  special  tendency  to  induce  tho 
diminution  of  tbe  cranial  portion  of  the  akull,  and  that  increase 
of  the  facial,  which  characterize  the  prognathous  type."  It  ia 
seen  most  strongly  marked  in  the  negroes  of  the  Gold  Coiut. 
In  the  pyramidal  type,  as  it  is  termed,  the  cheek  bonea  are  very 
broad,  and  the  bones  above  are  so  shaped  as  to  give  tlie  top  of 
tbe  head  a  sort  of  pyramidal  form.  This  ty]>e  we  see  in  tboM 
tribes  that  lead  a  wandering  life — the  nomadic  races,  as  they 
are  called.  The  ooal  or  elliptical  form,  which  is  seen  so  well 
marked  in  the  Caucasian  variety,  is  manifestly  the  resnit  of  ele- 
vating influences.  These  types  are  convertible  into  each  other. 
Thus,  tho  oval  may  be  degraded  into  the  prognathous,  or  the 
prognathous  may  be  elevated  iiito  the  oval,  Tiie  latter  change 
is  seen  in  the  Ethiopian,  when  in .  successive  generations  he  is 
subjected  to  elevating  influences,  in  his  intercourse  with  tbe 
Caucasian.  And  it  is  interesting  to  observe  that  the  form  of  tbe 
bead  ia  more  readily  changed  than  the  color.  "Thus,"  says 
Carpenter,  "in  some  of  the  older  West  Indian  colonics,  it  is 
not  uncommon  to  meet  with  negroes,  the  descendants  of  those 
first  introduced  there,  who  exhibit  a  very  European  physiog- 
nomy ;  and  it  baa  even  been  aaaerleil  that  a  negro  belonging  to 
tbe  Dntob  portioD  of  Guinea  may  be  distinguished  from  another 
betoDfpog  to  the  British  settlement*,  by  the  similarity  of  t 
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features  and  expreBsion  in  each,  to  those  which  peculiarly  char- 
acterized his  master's.  The  effect  could  not  have  been  produced 
by  the  mixture  of  bloods,  since  this  would  be  made  apparent 
by  alteration  of  color.''  In  the  same  way  is  the  pyramidal  type 
convertible  with  the  others.  The  pyramidal  and  the  progna- 
thous are  often  mingled  together,  by  the  influence  of  vagabond 
habits  and  degrading  causes. 

578.  The  view  thus  given  of  the  operation  of  influences  in 
producing  the  varieties  of  mankind  is  strengthened  by  the  fact 
that,  as  Humboldt  says  in  his  Cosmos,  there  are  ^  many  inter- 
mediate gradations  in  the  color  of  the  slfin  and  in  the  form  of 
the  skull."  If  we  look  alone  at  the  extremes  in  varieties  of  color 
and  form,  we  are  of  course  disposed  to  regard  such  great  differ- 
ences as  marking  a  distinction  of  species.  But  when  we  see 
these  varieties  passing  into  each  other  Uy  such  insensible  grada- 
tions, and  at  the  same  time  observe  the  manifest  influence  of 
causes  upon  these  gradations,  as  in  the  cases  referred  to  in  the 
last  paragraph,  the  evidence  is  clear  to  us  that  the  varied  influ- 
ences brougiit  to  bear  upon  man  are  competent  to  produce  the 
varieties  of  the  race. 

^79.  But  it  is  objected  that  although  climatic  and  other  in- 
fluences have  a  great  effect,  yet,  so  far  as  we  can  see,  they  only 
produce  changes  that  approximate  to  thase  differences  tliat 
mark  the  grand  divisions  of  the  race.  They  cannot,  for  exam- 
ple, bo  shown,  from  actual  observation,  to  have  effected  the 
entire  change  in  any  length  of  time  of  any  portion  of  the  Cau- 
casian race  into  the  Ethiopian,  nor,  on  the  other  hand,  of  tho 
Ethiopian  into  the  Caucasian.  It  is  objected,  farther,  that  the 
peculiarities  of  the  principal  varieties  of  man  existed  in  the  early 
history  of  the  race.  This  appears  in  relation  to  the  Ethiopian 
variety  in  the  figures  found  on  Egyptian  monuments.  These 
show  that  the  peculiarities  of  the  nogro  rac«  were  as  strongly 
marked  nearly  5,000  years  ago  as  they  are  now.  This  fixedness 
of  character  under  such  a  variety  of  influences  continued  so 
long,  it  is  claimed,  indicates  that  the  peculiarities  were  original, 
and  not  acquired. 

580.  In  reply  to  both  of  these  objections,  I  will  call  your 
attention  to  a  general  fact,  which  I  deem  to  be  very  significant 
]Q  its  bearing  upon  the  great  point  at  issue.  It  is  the  fact  that 
when  a  variety  is  formed  by  any  influences,  either  am^mg  plants 
or  animals,  it  is  apt  to  remain  in  spite  of  opposing  influences. 
It  seems  to  be  easier  by  far  to  produce  a  variety,  than  to  bring 
it  back  to  the  character  of  the  original  from  which  it  came. 
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DomMtication  has  been  condnually  prodacin^  varietiea  in  Iha 
ftnimttls  that  man  has  ho  largely  appropriated  to  bis  aerrice,  and 
ta»  varieties  once  produced,  commonly  remain.  And  the  same 
thing  is  seen  in  tlie  varieties  resulting  from  the  ume  cIbm  of 
influences  so  continually  in  the  human  race.  It  is  matter  of 
common  obeervAtion  that  family  and  national  peculiarities  are 
apt  to  be  perpetuated.  And  it  is  not  merely  from  a  continu- 
ance of  the  cauMa  from  wiiich  they  result,  for  they  are  apt  to 
remain  even  when  strong  counteracting  influences  are  brought 
to  bear  upon  them.  Now  the  causes  which  tend  to  produce 
varieties  in  the  human  race  acted  of  course  at  the  first,  and 
were  competent  to  produce  the  most  prominent  varieties  during 
the  first  ages  of  the  race.  And  the  tendency  to  fixedncM,  which 
wo  see  exemplified  in  so  many  ways  in  the  varieties  of  botl) 
plants  and  animnls,  xa  suftiuient  to  account  for  the  perpetuation 
of  such  marked  characteristics  as  those  of  the  Ethiopian  and  tha 
Caucasian. 

CSI.  The  analogy  then  which  is  tliue  observed  between  man 
and  the  domesticated  animals  is  a  much  clearer  anS  stronger 
one,  than  that  which  I'rbfes.'ior  Agas!>is  has  attempted  to  make 
out  between  man  and  animals  generally  in  regard  to  iwlogieal 
districts.  And  the  inference  is  a  legitimate  one,  that  ^e  same 
influences,  that  we  see  produce  varieties  in  domesticated  animals, 
are  competent  to  produce  the  vanetics  in  the  human  race,  which 
are  even  liisa  marked  than  some  of  those  which  we  see  in  ani- 
mals. Varieties  are  produced  more  readily  and  in  greater 
numbers  in  animals  than  in  man,  prolinhly  because  they  havs 
less  power  of  resisting  influences  that  act  u{ion  them.  The  va- 
rieties of  some  of  the  domfsticated  aiiitnaU  are  very  numeroua. 

S82.  The  analogy  drawn  between  man  and  animals  in  regard 
to  zoological  districts  is  weakened  by  the  consideration,  that 
there  was  no  necessity  for  man's  being  created  in  different  lo- 
calities, because  he  can  migrate  ho  ea<«ily  from  one  country  to 
another.  The  necessity  existed  in  regard  to  plants  and  animals, 
but  not  to  the  same  extent  in  all.  Migration  is  easier  in  the 
case  of  some  than  in  the  case  of  otheis.  And  this  difference 
seems  to  have  been  noted  upon  by  the  Creator,  Accordingly, 
the  evidence  is  quite  conclusive,  that  thoee  animals  which  have 
been  so  universally  appropriated  by  man  to  his  service,  have 
been  diffused  from  central  points  and  have  gone  with  man, 
inatead-of  being  created  in  mapy  localities.  This  being  tha 
case,  it  is  hardly  to  be  anppoaed  that  man,  who  ii  o^ab 
thKHi^  bis  ingentiity,  and  skill,  and  daring',  of  jjaing  •■ 
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most  perfectly  developed  in  the  Georgians  and  GincassiaDS,  who 
live  in  the  neighborhood  of  this  range  of  mountains,  and  who 
are  considered  the  handsomest  people  in  the  world. 

663.  The  Ethiopian  variety  is  quite  in  contrast  with  the 
Caucasian.  The  organization  has  not  the  perfection  and  ele- 
gance which  the  Caucasian  presents,  and  it  shows  an  approxi- 
mation to  the  higher  orders  of  the  inferior  animals.  The  skull 
is  small.  The  forehead  is  retreating,  while  the  face  below  ^ 
projecting,  the  cheek  bones  being  prominent,  and  the  nose  . 
broad.'  The  apparatus  of  the  senses  is  thus  fully  developed, 
while  the  brain  is  less  than  in  the  Caucasian.  The  hair  is  blacky 
oily,  and  frizzled.  It  is  commonly  said  to  be  woolly,  but  it  li  .. 
really  not  so.  Dr.  Carpenter  says  that  "  microscopic  examina- 
tion clearly  demonstrates  that  the  hair  of  the  negro  has  exactly 
the  same  structure  with  that  of  the  European,  and  that  it  does 
not  bear  any  resemblance  to  wool  save  in  its  crispiness  and  its 
tendency  to  curl.".  The  skin  is  generally  black ;  but  not  so  in 
all  the  race,  for  the  Caffirs  and  the  Ilottentots  are  yellow. 

664.  The  Monr/olian  variety,  of  which  the  Chinese  race  forms 
the  largest  family,  is  characterized. by  prominent  broad  cheek 
bones,  flat  square  face,  small  oblique  eyes,  straight  black  hair, 
scanty  beard,  and  olive  skin. 

565.  The  American  variety  is  characterized  by  high  cheek 
bones,  a  narrow  low  forehead,  features  large  and  bold,  except 
the  eyes,  which  are  deeply  sunken  in  large  sockets,  hair  gen- 
erally black,  stiff  and  straight,  and«  complexion  varying  from  a 
crimson  brown  to  a  deep  copper. 

666.  The  Malay  variety,  which  occupies  the  Islands  south 
of  Asia,  in  the  Indian  and  Pacific  oceans,  has  not  so  well  marked 
characteristics  as  the  other  varieties.  The  complexion  is  brown, 
varving  from  a  light  tawny  to  almost  black,  the  hair  is  black 
and  thick,  the  forehead  is  low  and  round,  the  nose  is  full  and 
broad,  the  nostrils  wide,  and  the  mouth  large. 

667.  Other  claasificAtions  have  been  made,  in  some  of  which 
the  human  race  is  divided  into  many  more  varieties.  Any 
classification  must  be  in  a  great  measure  arbitrary,  and  must 
be  regarded  rather  as  a  convenience,  than  as  having  the  defi- 
nite and  invariable  character  which  belongs  to  tn^ly  scientific 

•  distinctions.  In  each  of  the  five  divisions  of  Blumcnbach 
there  is  great  diversity.  Thus,  in  the  Caucasian  variety,  the 
English,  the  French,  the  German,  the  Irish,  <fec.,  are  quite  dis- 
tinct from  each  other.  And  we  sometimes  see  very  striking 
characteristic  marks  separating  single  fiuniliiBs  froin  othere.  *  The 
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varieties  of  tUe  race  are  thus  almost  endleu,  the  leaser  differing 
only  m  degree  from  the  Ini^r. 

S6B.  The  naiional  differences  are  evidentlT  produced  hy 
cauRcs  of  very  much  the  same  chnrHCter  with  those  vifaich  pro- 
duce differences  in  individualu  and  fitmilies.  And  the  qiiestioti 
Rri»e3  whether  such  differences  aa  those  which  BtumeDbach  de- 
scribes as  marking  the  rnces,  are  not  produced  in  a  similar 
mantier.  This  qitextiou  has  been  much  discussed,  and  tliere  is 
grwftt  difference  of  opinion  in  regard  to  it.  The  great  majority 
of  Duturolists  b[.'lieve  iit  tlie  unity  of  the  origin  of  tlie  human 
race,  and  hold  that  ils  varictiea  are  the  results  of  the  various 
circumstances  by  which  man  has  been  surrounded.  But  some 
BHpposo  that  the  different  varieties  come  from  separate  pairs 
created  by  God  in  different  localities,  and  liold  that  the  history 
in  GenQsis  is  a  hisUiry  of  ihe  origin  of  only  one  of  the  varieties 
of  the  race,  llione  who  advocate  this  doctrine  are  Gjw  in  num- 
ber; but  it  has  acquired  greater  currrncy  of  late,  because  one 
of  tlie  most  eminent  naturalists  of  tlie  present  day.  Professor 
Agassis,  has  espoused  it.  His  doctrine  on  this  subject  I  wilt 
give  as  briefly  as  powible, 

5SS.  All  animals,  he  asserts,  like  plants,  have  particular  ]o- 
caliljes,  for  which-  they  are  fitted,  ami  to  whicli  they  belong. 
These  zoological  provinces,  as  he  terms  them,  are  of  unequal 
extent,  some  animals  having  a  wider  range  than  others.  From 
tliis  general  law  of  distribution,  which  he  illustrates  with  many 
fiicta,  he  infers  that  the  various  animals  on  the  &ce  of  the  eartn 
w<-re  not  created  in  one  part  of  the  earth  and  distributed  from 
this  to  other  parts,  but  were  created  in  the  provinces  to  which 
thcv  belong.  This  view  of  the  subject  forces  itself  upon  tiis 
mind  of  the  naturalist,  as  he  observes  the  arrangement  of  tho 
various  tribes  of  animals  on  the  earth's  surface.  And  beside*, 
there  are  apparently  insurmountable  difliciilties  in  the  way  of  a 
diffusion  of  animals  over  the  globe  by  means  of  mieration.  For 
example,  we  cannot  conceive  how  the  polar  animals  could  have 
niigrated  over  the  warmer  tracts  of  land,  which  they  would 
have  to  cross  accordine  to  this  supposition,  for  it  is  impossible 
now  to  keep  them  idive  under  such  circumstances  with  the 
greatest  precautions.  And  farther,  some  animals  of  the  same 
species,  sometimes  presenting  varieties  and  sometimes  not,  are 
found  in  different  localities  which  are  so  cut  off  from  all  com- 
municntion  with  each  other,  that  it  is  impossible  that  these  ani> 
mnis  could  migrate  from  some  one  locality  to  all  the  rest.  "  To 
assume,"  he  remarks,  "Quit  the  geographical  distribniion  at 


870  HUICAN  PHY8I0L0GT. 

Doelrine  <^  Um  mnltiplc  origin  of  the  hnnan  nieo. 


Buch  animals,  inhabiting  zoological  districts  entirely  disconnected 
with  each  other,  is  to  be  ascribed  to  physical  causes,  that  these 
animals  have  been  transported,  and,  especially,  that  the  fishes 
which  live  in  fresh  water  basins  have  been  transported  from 
place  to  place — to  suppose  that  perches,  pickerels,  trouts,  and 
so  many  other  species  found  in  almost  every  brook  and  every 
river  in  the  temperate  zone,  have  been  transported  from  one 
basin  into  another  by  freshets  or  by  water  birds — is  to  assume 
very  inadequate  and  accidental  causes  for  general  phenomena." 
Not  only  then  were  different  species  of  animals  created  ori^ri- 
nally  in  different  localities,  but  it  is  also  true  to  a  considerable 
extent,  that  animals  of  the  same  species  occupying  different  lo- 
calities were  created  in  those  localities. 

670.  All  this  he  claims  to  be  consistent  with  scripture,  and 
with  very  good  reason.  The  account  of  the  preservation  of  an- 
imals in  the  ark,  interpreted  according  to  the  common  license 
of  language,  indicates  realty  only  .--iich  a  preservation,  as  would 
be  necessary  for  the  stocking  of  that  part  of  the  world  where 
Noah  and  his  familv  were,  after  the  waters  should  subside. 
The  number  and  the  variety  of  the  animals  preserved  for  this 
purpose  would  of  course  be  very  great,  and  would,  according  to 
the  common  usage  of  language  in  narration,  be  spoken  of  in 
the  terms  used  in  the  Bible.  This  interpi'etation  holds  equally, 
whether  the  deluge  be  considered  as  having  been  partial  or 
universal. 

671.  The  case  being  thus  quite  clearly  made  out  in  relation 
to  animals  generally,  he  proceeds  to  trace  an  analogy  between 
them  and  the  ra(*es  of  man  in  this  inspect.  Ue  suj)poses  that 
there  are  certain  zoological  provinces  for  tlie  different  human 
races,  as  there  are  for  the  different  species  and  varieties  of  ani- 
mals; and  that  these  races  were  separately  created  in  these 
provinces  with  organizations  suited  to  their  peculiar  localities. 
VVhilc  he  allows  that  climate  and  other  influences  affect  the 
varieties  of  tlie  human  race,  he  claims  that  they  are  not  com- 
petent to  produce  them  alone;  and  he  infers,  therefore,  that 
there  must  have  been,  as  in  the  case  of  animals,  different  original 
creations  in  the  different  zoological  districts.  He  accordingly 
claims  that  the  history  given  in  Genesis  is  a  history  of  the  origin 
of  only ^ one  branch  of  the  human  family.  He  does  not  sup- 
pose that  the  different  branches  constitute  different  species,  but 
are  made  varieties  of  one  species.*     He  characterizes  mankind 

*  The  differenco  between  tpteie*  and  varittitt  ii  this.    The  distinction  of  specit*  leite 
upon  tpM^  chirecieriitice,  tlut  eannot  be  ehanged  by  tboie  inllaeoeee  whioli  Mkd  tc 


TABIETmB  OP  THE  HIUCAN  RACK.  871 

Haa  oUonUitt  btf<m  tbU  Um  rua  wiH  rrsB  SH  (Sir. 

■B  being  every  where  esseDtially  the  Kame  in  mental  chsraotv, 
and  alike  the  accountable  subjects  of  God's  lijngdom,  notwith- 
Htanding  their  multiple  origin.  It  ia  in  this  respect  that  ha 
oonaiders  them  as  being  of  one  brotherhood,  nnd  he  looks  upon 
the  expression  in  the  Bible,  "  made  of  one  blood,"  aa  being  en- 
tirely figurative,  and  as  referring  to  "  the  higher  uni^  of  man- 
kind, and  not  to  their  supposed  connection  by  natural  descent." 

I  do  not  propose  to  go  into  a  thorough  discussion  of  thia 
question.  This  would  not  be  possible  in  the  narrow  limits  of 
8  chapter.  I  ^hall  only  present  a  general  view  of  the  chi^ 
facts  and  ailment*  that  bear  upon  the  point  at  isane.  And 
let  UB  look  at  this  subject  first  in  the  light  of  phyaiolo^  and 
natural  history. 

ST2.  The  great  majority  of  nhyeiologista  and  naturaliBta,  as 
I  have  before  remarked,  have  thus  far  been  of  the  opinion  that 
the  hurpan  race  came  fro<n  one  origin,  and  that  the  varieties  of 
it  have  been  produced  by  the  various  influences  to  which  man 
has  been  subjected.  These  are  commonly  included  in  the  gen- 
eral expression,  climatic  and  other  iafinmrtt.  To  be  more  par- 
ticular, they  are — <^limate,  situation,  food,  clothing,  customg^ 
habila,  way  of  life,  state  of  civilization.  Too  gf^t  prominenoe 
has  been  undoubtedly  given  to  tbe  influence  of  climate.  I^w- 
renco  very  justly  remarks  in  his  general  concluaions  in  regard 
to  tbe  production  of  the  varieties  in  man  and  animals,  "that  d 
tbe  circumitaDcea  which  favor  this  disposition  to  the  productioil 
of  the  varieties  in  the  animal  kingdom,  the  ug^t  powerful  ia  the 
state  of  domalitalioaj"  Thia  word,  as  ha  uses  it,  includes  all 
those  social  inSucnces,  which  as  munifestly  afiect  the  anjmali 
which  man  domesljcates  ns  they  do  man  liitnsclf.  The  analogf 
between  man  and  animals  in  relation  to  the  results  of  the  inftn 
ences  referred  to  I  sliall  s-xin  spenk  of  more  particularly. 

S78.  That  climatic  and  other  influences  do  have  a  very  great 
agency  in  producing  the  varieties  both  individual  and  general, 
that  we  see  on  looking  over  the  human  family,  no  one  doubts. 
The  only  question  is,  whether  they  have  produced  ail  these 
diSsrences — whether,  for  example,  they  have  occasioned  that 

pnduM  lb*  difliH*mjB  Ihtt  nakt  variatiMi.  Tba  GbaracteriMia  of  a  wavt}m  ferv  trir' 
luf,  vhik  thoH  or  ■  niMr  Wfm  uf.iX^  "Th*  Urn  ipKio,"  my  Prich»d,  "in- 
vluda  otAj  tit*  fbQootnf  cuHlEttofia,  i»ftmaly>  lapinia  onf  Ln  %nA  diAlnctnna  of  rA«. 
■TiiK«4  h*  Uk«  BVdMnDl  UmiiHDiBfan  of  Hnw  cKanutnlltic  nvuliarjtj  of  OTfmniration. 
A  ne«  of  ultn^  BT  of  plldti  marked  bj  anj  pteullarUf  vkfcfl  It  haa  avar  vvUHUnllT 
ri.ii  UTMd  a  ipHlat:  and  lirto  raw  an  eouiilaiad  tiatilieairj  diflkuni.  if  Uiw 

I  axtk  ollMr  \j  teat  cbancuiblic  whicli  Uhoob  eannot  bo  ispnoiaa 

(to  Mm  %o  ban  lort,  thnnih  anf  itonn  opoiali™  of  pnjiloal 


872  HUMAN   PHYSIOLOGY. 

Color  sffceted  by  eliioate.    CiroamiUoeM  tffeeting  Um  fitnn. 

very  wide  difference  that  wo  see  between  the  Caucasian  and  tha 
Ethiopian.  My  limits  will  not  allow  me  to  go  into  a  full  exam* 
ination  of  the  influence  of  these  causes,  and  I  can  only  touch 
upon  a  few  points  in  a  very  general  way. 

574.  That  climate  has  a  great  influence  upon  the  color  of  the 
race  is  proved  by  many  clearly  observed  facts.  Tropical  heat 
always  has  a  tendency  to  produce  a  black  skin.  This  is  shown 
very  decidedly  in  the  case  of  the  Jews,  who  have  preserved  their 
characteristic  features  amid  varieties  of  climate,  and  yet  have 
their  color  altered.  Thus,  while  the  Jew  of  the  interior  of 
Europe  has  a  fair  complexion  and  light  hitir,  under  the  scorching 
fiun  of  India  his  hair  is  crisped,  and  his  skin  is  black.  The  ev- 
idence of  the  influence  of  climate  is  the  stronger  in  this  case, 
because  the  change  from  the  original  color  has  been  two-fold. 
For  the  original  Jew  in  Palestine  had  undoubtedly  a  dusky  skin 
and  dark  hair,  upon  which  the  temperate  climate  of  the  interior 
of  Europe,  and  the  tropical  climate  of  India  have  produced  two 
opposite  effects. 

675.  But  in  the  varieties  of  the  human  race  there  are  differ- 
ences  of  form  as  well  as  of  color.  That  the  various  influences 
to  which  man  is  subjectod  have  a  marked  effect  upon  his  phys- 
ical form  is  universally  acknowledged.  We  see  this  alike  in 
individuals,  families,  and  nations.  *  Intellectual  and  moral  influ- 
ences manifestly  have  some  agency  iu  moulding  the  shaj>e  of 
the  head  in  the  individual.  The  differences,  which  we  so  com- 
monly see  in  the  .shape  of  the  head  between  the  intellectual  and 
the  ignorant,  are  not  owing  altogether  to  original  difference 
of  capacity,  but  in  part  to  ocliiciition.  The  brain,  like  all  other 
organs  in  the  body,  is  influenced  in  its  development  by  the 
degree  of  activity  to  which  it  is  stimulated.  It  is  not  made  an 
exception  to  this  general  law  of  develoj>ment.  Accordingly  we 
find  that  depressing  influences  tend  to  make  the  top  of  the  head, 
the  cerebral  part,  small,  and  the  fbrehead  retreating,  while  the 
face,  from  tlie  predominance  of  the  sensual  over  the  intellectual, 
is  rendered  relatively  too  prominent.  The  tendency  of  elevating 
influences  is  of  an  opposite  character.  And  such  influences,  thus 
operating  in  the  individual,  when  repeated  and  accumulated 
from  generation  to  generation,  produce  great  and  lasting  results. 
It  is  thus  that  a  race  becomes  either  degraded  or  elevated.  By 
a  continuance  and  accumulation  of  influences  it  acquires  either 
a  good  or  a  bad  flxed  character: 

576.  I  have  thus  s[)oken  of  one  class  of  causes  effecting 
changes  in  the  physical  form,  tlie  influence  of  which  is  manifest 


VARIErnES  OF  THE  HUHAN  RACE.  S7S 

Huked  Indeaeln  to  dine  dlBknol  finmi  of  tba  \mi. 

Bnt  there  &re  clianges  seen,  tbe  cftoies  of  wbicli  ve  cbodoI 
clearly  make  out ;  and  yet  we  know  that  tbey  are  occauoned 
by  the  Tarjine  drcumstancea  in  which  man  is  placed.  By  tha 
compound  influence  of  many  causes  combined  we  continually 
«ee  differences  in  the  shapes  of  various  parts  of  the  body  intro- 
duced. Family  and  national  peculiarities  are  thus  occnsioned. 
The  influcnccn  to  which  I  have  thus  referred,  Bome  of  which  are 
littlo  understood,  are  all  those  which  Mr.  Lnwrence  includes  in 
the  term  ,dotneslUation,  which,  as  I  have  before  said,  ho  applies 
to  man  as  we!!  an  to  animals. 

577.  Dr.  Prichard  has  pointed  out  three  different  typea  of 
form  in  the  head,  occnsioned  by  three  distinct  classes  of  influ' 
ences.  One  he  terms  the  proffnat/toua,  (a  word  derived  from 
two  Greek  words  mpaninrr  before  and  Iht  jaw,)  in  which  the 
jaws  project  very  prominently  forward.  This  formation  is  char- 
acterized by  the  predominance  of  the  sensual  over  the  intel-, 
lectual,  the  apparatus  of  the  senses  being  largely  developed, 
while  the  cerebrum  is  small,  making  the  forehcft4  retreating. 
The  tendency  to  assume  this  type  is  always  in  proportjon  to  the 
action  of  the  degrading  influences,  "  Want,  squalor,  and  igno- 
rance," saya  CHr])enter,  "  have  a  special  tendency  to  induce  th« 
diminution  of  the  cranial  portion  of  the  skull,  and  that  increau 
of  the  facial,  which  charneierize  the  prognathous  type,"  It  is 
seen  most  strongly  marked  in  the  negroes  of  the  Gijld  Coast. 
Id  tbe  pyramidal  type,  nx  it  is  termed,  the  cheek  bones  are  Teiy 
broad,  and  the  bones  above  are  so  shaped  as  to  give  the  top  oif 
the  head  a  sort  of  pyramidal  form.  This  type  we  see  in  those 
tribes  that  lead  a  wandering  life — the  nomadic  raee»,  as  they 
are  called.  The  oval  or  elli]>tical  form,  which  is  seen  bo  well 
marked  in  the  Cnucasian  variety,  is  manifestly  the  result  of  ele- 
vating influences.  These  types  are  convertible  into  each  other. 
Tluw,  the  oval  may  be  dpgrnded  into  the  prw^natbous,  or  the 
prognathous  may  be  elevated  into  the  oval.  The  tatter  change 
is  seen  in  the  Ethiopian,  when  in. successive  generations  he  is 
subjected  to  elevatmg  influences,  in  his  intercourse  with  tJie 
Caucasian.  And  it  is  interesting  to  observe  that  the  form  of  the 
head  is  more  readily  changed  than  the  color.  "Thus,"  saya 
Carpenter,  "  in  some  of  the  older  West  Indian  colonies,  it  is 
not  uncommon  to  meet  with  negroes,  the  descendants  of  those 
first  introduced  there,  who  exhibit  a  very  European  physing- 
nomy ;  and  it  has  even  been  asserted  that  a  negro  belonging  to 
Uie  Dutch  portion  of  Guinea  may  be  distinguished  ^nm  anodier 
beloDgiDg  to  the  British  settlements,  by  the  Kimilarity  of  (t 
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features  and  expreBsion  in  each,  to  those  which  peculiarly  char- 
acterized his  master's.  The  effect  could  not  have  been  produced 
by  the  mixture  of  bloods,  since  this  would  be  made  apparent 
by  alteration  of  color.''  In  the  same  way  is  the  pyramidal  type 
convertible  with  the  others.  The  pyramidal  and  the  progna- 
thous are  often  mingled  together,  by  the  influence  of  vagabond 
habits  and  degrading  causes. 

578.  The  view  thus  given  of  the  operation  of  influences  in 
producing  the  varieties  of  mankind  is  strengthened  by  the  fact 
that,  as  Humboldt  says  in  his  Cosmos,  there  are  "  many  inter- 
mediate gradations  in  the  color  of  the  sifin  and  in  the  form  of 
the  skull.''  If  we  look  alone  at  the  extremes  in  varieties  of  color 
and  form,  we  are  of  course  disposed  to  regard  such  great  differ- 
ences as  marking  a  distinction  of  species.  But  when  we  see 
these  varieties  passing  into  each  other  Uy  such  insensible  grada- 
tions, and  at  the  same  time  observe  the  manifest  influence  of 
causes  upon  these  gradations,  as  in  the  cases  referred  to  in  the 
last  paragraph,  the  evidence  is  clear  to  us  that  the  varied  influ- 
ences brougiit  to  bear  upon  man  are  competent  to  produce  the 
varieties  of  the  race. 

579.  But  it  is  objected  that  although  climatic  and  other  in- 
fluences have  a  great  eflect,  yet,  so  far  as  we  can  see,  they  only 
produce  changes  that  approximate  to  those  differences  t]iat 
mark  the  grand  divisions  of  the  race.  They  cannot,  for  exam- 
ple, bo  shown,  from  actual  observation,  to  have  effected  the 
entire  change  in  any  length  of  time  of  any  portion  of  the  Cau- 
casian race  into  the  Ethiopian,  nor,  on  the  other  hand,  of  the 
Ethiopian  into  the  Caucasian.  It  is  objected,  farther,  that  the 
peculiarities  of  the  principal  varieties  of  man  existed  in  the  early 
history  of  the  race.  This  appears  in  relation  to  the  Ethiopian 
variety  in  the  figures  found  on  Egyptian  monuments.  These 
show  that  the  peculiarities  of  the  negro  race  were  as  strongly 
marked  nearly  5,000  years  ago  as  they  are  now.  This  fixedness 
of  character  under  such  a  variety  of  influences  continued  so 
long,  it  is  claimed,  indicates  that  the  peculiarities  were  original, 
and  not  acquired. 

580.  In  reply  to  both  of  these  objections,  I  will  call  your 
attention  to  a  general  fisu;t,  which  I  deem  to  be  very  significant 
in  its  bearing  upon  the  great  point  at  issue.  It  is  the  fact  that 
when  a  variety  is  formed  by  any  influences^  either  amxmg  plants 
or  animals^  it  is  apt  to  remain  in  spite  of  opposing  influtnees. 
It  seems  to  be  easier  by  far  to  produce  a  variety,  than  to  bring 
it  back  to  the  character  of  the  original  from  which  it  came. 
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Domeitic&tion  has  been  continually  prodacing  Tarieties  in  lh« 
Animals  that  inan  has  so  lai^ly  appropriated  to  hia  Mtvice,  and 
tne  varieties  once  produced,  commonly  T«ni«n.  And  llie  same 
thing  ia  seen  in  tlie  varieties  rosniting  from  the  same  class  of 
influences  so  continually  in  the  human  race.  It  is  matter  of 
common  observntJon  that  family  and  national  pecnliarities  are 
apt  to  be  perpetnated.  And  it  is  not  merely  from  a  continu- 
ance of  the  causes  from  ntiich  they  result,  for  they  are  apt  to 
remain  even  when  strong  counteracting  influences  are  brought 
to  bear  upon  them.  Now  the  causes  which  tend  to  produce 
varieties  in  the  human  race  acted  of  course  at  the  first,  and 
were  competent  to  produce  the  most  prominent  varietJes  during 
the  first  ages  of  the  race.  And  the  tendency  to  fixedness,  whidi 
we  sec  exemplified  in  so  many  ways  in  the  varieties  of  both 
plants  and  animalH,  is  sufficient  to  account  for  the  perpetuation 
of  such  marked  characteristicn  as  those  of  the  Ethiopian  and  the 
Caucasian. 

681.  The  analogy  then  which  is  thus  observed  between  man 
and  the  domesticated  animals  is  a  much  clearer  an9  stronger 
one,  than  that  which  Profeaiior  Agawis  has  attempted  to  make 
out  between  man  and  animals  generally  in  regard  to  looli^eid 
districts.  And  the  inference  is  »  legitimate  one,  that  ^e  fame 
influences,  that  we  see  produce  varieties  in  domesticated  animals, 
are  competent  to  produce  the  rarietira  in  the  human  race,  which 
are  even  Ivex  marked  than  son^e  of  those  which  we  see  in  ani- 
mals.     Varieties  are  produced  more  niadily  and  in  greater 

<  numbers  in  animals  than  in  man,  probnbly  because  they  have 
less  power  of  resisting  influences  that  act  u|<on  them.  The  va- 
rieties of  some  of  the  dom!'sticat«d  animaU  are  very  numerous. 

682.  The  analogy  drawn  between  man  and  animals  in  regard 
to  loological  districts  is  weakened  by  the  consideration,  that 
there  was  no  necessity  for  man's  being  created  in  different  lo- 
calities, because  he  can  migrate  so  easily  from  one  country  to 
another.  The  necessity  existed  in  regard  to  plants  and  animals, 
but  not  to  the  same  extent  in  all.  Migration  is  easier  in  the 
case  of  some  than  in  the  case  of  others.  And  this  difler«Dce 
seems  to  have  been  acted  upon  by  the  Creator.  Accordingly, 
the  evidence  in  quite  conclusive,  that  those  animals  which  have 
been  so  universally  appropriated  by  man  to  his  service,  have 
been  diffused  from  central  points  and  have  gone  with  man, 
instead'  of  beinz  created  in  mapy  localities.  This  being  tlie 
case,  it  is  hardly  to  be  suppoaed  that  man,  who  is  capable, 
tliHHigh  his  ingenuity,  and  skill,  and  daring,  of  going  evary 
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Buch  animals,  inhabiting  zoological  districts  entirely  disconnected 
with  each  other,  is  to  be  ascribed  to  physical  causes,  that  these 
animals  have  been  transported,  and,  especially,  that  the  fishes 
which  live  in  fresh  water  basins  have  been  transported  from 
place  to  place — to  suppose  that  perches,  pickerels,  trouts,  and 
so  many  other  species  found  in  almost  every  brook  and  every 
river  in  the  temperate  zone,  have  been  transported  from  one 
basin  into  another  by  freshets  or  by  water  birds — is  to  assume 
very  inadequate  and  accidental  causes  for  general  phenomena." 
Not  only  then  were  different  species  of  animals  created  origi- 
nally in  different  localities,  but  it  is  also  true  to  a  considerable 
extent,  that  animals  of  the  same  species  occupying  different  lo- 
calities were  created  in  those  localities. 

670.  All  this  he  claims  to  be  consistent  with  scripture,  and 
with  very  good  reason.  The  account  of  the  preservation  of  an- 
imals in  the  ark,  interpreted  according  to  the  common  license 
of  language,  indicates  really  only  >nch  a  preservation,  as  would 
be  necessary  for  the  stocking  of  that  part  of  the  world  where 
Noah  and  his  family  were,  after  the  waters  should  subside. 
The  number  and  the  variety  of  the  animals  preserved  for  this 
purpose  would  of  course  be  very  great,  and  would,  according  to 
the  common  usage  of  languajje  in  narration,  be  sjioken  of  in 
the  terms  used  in  the  Bible.  This  interpretation  holds  equally, 
whether  the  deluge  be  considered  as  having  been  partial  or 
universal. 

571.  The  case  being  thus  quite  clearly  made  out  in  relation 
to  animals  generally,  he  proceeds  to  trace  an  analogy  between 
them  and  the  races  of  man  in  this  i-espect.  He  supposes  that 
there  are  certain  zoological  provinces  for  the  different  human 
races,  as  there  are  for  the  different  species  and  varieties  of  ani- 
mals; and  that  these  races  were  separately  created  in  these 
provinces  with  organizations  suited  to  their  peculiar  localities. 
vVhile  he  allows  that  climate  and  other  influences  affect  the 
varieties  of  the  human  race,  he  claims  that  they  are  not  com- 
petent to  produce  them  alone;  and  he  infers,  therefore,  that 
there  must  have  been,  as  in  the  case  of  animals,  different  original 
creations  in  the  different  zoological  districts.  He  accordin^y 
claims  that  the  history  given  in  Genesis  is  a  history  of  the  origin 
of  only^one  branch  of  the  human  family.  He  does  not  sup- 
pose that  Uie  different  branches  constitute  different  species,  but 
are  nmde  varieties  of  one  species.*     He  characterizes  mankind 

*  The  diffuvDoe  betweea  ^mu  and  varutiu  b  this.    The  diatiiietion  of  w^ecuM  rarti 
iipoo  «]Mt4^  dbameteristiei,  tliftt  caonot  be  ebanged  by  tbote  inllDeoeee  wbioli  Mkd  tc 
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u  being  every  where  esaentiall;  the  same  in  mental  cb&raota-, 
and  aliSe  ttie  accountable  subjects  of  God's  kingdom,  notmtli- 
staodtng  their  multiple  origin.  It  is  in  this  respect  tliat  ha 
oonsiders  them  as  being  of  one  brotherhood,  and  he  looks  upon 
the  expression  in  die  Bible,  "  made  of  one  blood,"  aa  being  en- 
tirely figurative,  and  as  referring  to  "  the  higher  unity  of  man- 
kind, and  not  to  their  supposed  conncclion  by  natural  descent." 

I  do  not  propose  to  go  into  a  thorough  discussion  of  this 
questioD.  This  would  not  be  possible  iu  the  narrow  limits  of 
a  chapter.  I  iihall  only  present  a  general  new  of  the  <^iet 
facts  and  aiguroenta  that  bear  upon  the  point  at  issue.  And 
let  us  look  at  this  subject  first  in  the  light  of  physiolo^  and 
natural  history. 

672.  The  great  majority  of  pliysiologista  and  naturalists,  as 
I  have  before  remarked,  have  thus  far  l^en  of  the  opinion  Uiat 
the  human  race  came  from  one  origin,  and  that  the  varietiea  of 
it  have  been  produced  by  tlie  various  influences  to  which  man 
has  been  subjected.  These  are  commonly  included  in  the  gen- 
eral expression,  dimatic  and  other  injlvmee*.  To  be  more  par- 
ticular, they  are — climate,  situation,  food,  clothing,  customs, 
habits,  way  of  life,  state  of  civilization.  Too  great  prominence 
has  been  undoubtedly  given  to  the  influence  erf  climate.  Law- 
rence very  justly  remanu  in  his  general  conclusions  in  regard 
to  the  production  of  the  varieties  m  man  and  animals,  "that  of 
the  circumstances  which  (avor  this  disposition  to  the  productioJl 
of  the  varieties  in  the  animal  kingdom,  the  mgpt  powerfnl  ia  Hm 
state  of  dometiicatioa.^'  This  word,  as  he  uses  it,  includes  oil 
those  social  influences,  which  as  manifestly  affect  the  animaU 
which  man  domesticates  as  they  do  man  himself.  The  analcwy 
between  man  and  animals  in  rulntjon  to  the  results  of  tlie  in£r 
ences  referred  to  I  slinll  vioa  spcnk  of  more  particularly. 

GT3.  That  climatic  and  other  influences  do  have  a  very  great 
agency  in  producing  the  varieties  both  individnal  and  genera), 
that  we  see  on  looking  over  the  human  family,  no  one  doubts. 
The  only  question  is,  whether  they  have  produced  all  these 
differences — whether,  for  example,  they  have  occasioned  that 
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▼ery  wide  diffcrenco  tliat  wo  see  between  the  Caucasian  aad  tha 
Ethiopian.  My  limits  will  not  allow  mo  to  go  into  a  full  exam- 
ination of  the  influence  of  these  causes,  and  I  can  only  touch 
upon  a  few  points  in  a  very  general  way. 

574.  That  climate  has  a  great  influence  upon  the  color  of  the 
race  is  proved  by  many  clearly  observed  facts.  Tropical  heat 
always  has  a  tendency  to  produce  a  black  skin.  This  is  shown 
very  decidedly  in  the  case  of  the  Jews,  who  have  preser\'ed  their 
characteristic  features  amid  varieties  of  climate,  and  yet  have 
their  color  altered.  Thas,  while  the  Jew  of  the  interior  of 
EurojK)  has  a  fair  complexion  and  light  hdir,  under  the  scorching^ 
Bun  of  India  his  hair  is  cri8])ed,  and  his  skin  is  black*  The  ev- 
idence of  the  influence  of  climate  is  the  stronger  in  this  case, 
because  tlie  change  from  the  original  color  has  been  two-fold. 
For  the  original  Jew  in  I'alcstine  had  undoubtedly  a  dusky  skin 
and  dark  hair,  upon  which  the  temperate  climate  of  the  interior 
of  Europe,  and  tlie  tropical  climate  of  India  have  produced  two 
opposite  effects. 

675.  But  in  the  varieties  of  the  human  race  there  are  diflfer- 
ences  of  form  as  well  as  of  color.  That  the  various  influences 
to  which  man  is  subjected  have  a  marked  efiect  upon  his  phys- 
ical form  is  universally  acknowledged.  We  see  this  aHke  in 
individuals,  families,  and  nations.  '  Intellectual  and  moral  influ- 
ences manifestly  have  some  agency  in  moulding  the  sha])C  of 
the  head  in  the  individual.  The  differences,  which  we  so  com- 
monly see  in  the  shape  of  the  head  between  the  intellectual  and 
the  ignorant,  are  not  owing  altogether  to  original  diifterence 
of  capacity,  but  in  part  to  ((lucation.  The  brain,  like  all  other 
organs  in  the  body,  is  influenced  in  its  development  by  the 
degree  of  activity  to  which  it  is  stimulated.  It  is  not  made  an 
exception  to  this  general  law  of  develoj)ment.  Accordingly  we 
find  that  depressing  influences  tend  to  make  the  top  of  the  head, 
tli3  cerebral  part,  small,  and  the  fbrehead  retreating,  while  the 
fece,  from  tlie  predominance  of  the  sensual  over  the  intellectual, 
is  rendered  relatively  too  prominent.  Tiie  tendency  of  elevating 
influences  is  of  an  o])posite  character.  And  such  influences,  thus 
operating  in  the  individual,  when  repeated  and  accumulated 
from  generation  to  generation,  produce  great  and  lasting  results. 
It  is  thus  that  a  race  becomes  either  degraded  or  elevated.  By 
a  continuance  and  accumulation  of  influences  it  acquires  either 
a  good  or  a  bad  fixed  cliaractor. 

576.  I  have  thus  spoken  of  one  class  of  causes  eficcting 
changes  in  the  physical  form,  the  influence  of  which  is  manifest 
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Bnt  there  are  changes  seen,  the  canses  of  vhich  we  <; 
clearly  make  out ;  and  yet  we  know  tliat  tbey  are  occaf 
by  the  varying  drcumBtances  in  which  man  is  placed.  By  the 
componnd  influence  of  many  causes  combined  we  continually 
«ee  di^rences  in  the  shapes  of  various  parts  of  the  body  intro- 
duced. Family  and  na^onal  peculiarities  are  thus  occiwoned. 
The  influenccn  to  wliicSi  I  have  thus  referred,  some  of  which  are 
little  understood,  are  all  those  which  Mr.  Lnwrence  includes  in 
the  term  domestieation,  which,  as  I  have  before  said,  ho  applies 
to  man  at  well  as  to  animals. 

577.  Ur.  Prichnrd  bna  pointed  out  three  different  types  of 
form  in  the  head,  occasioned  by  three  distinct  classes  of  influ- 
ences. One  he  terms  the  prognathous,  (a  word  derived  from 
two  Greek  words  mepninr;  before  and  tht  jam,)  in  which  tlia 
jaws  project  very  prominently  forward.  This  formation  is  char- 
acterized by  the  predominance  of  the  sensual  over  the  intel- 
lectual, the  apparatus  of  the  senses  being  largely  developed, 
while  the  cerebrum  is  small,  making  the  forehea4  retreating. 
The  tendency  to  assume  this  type  is  always  in  proportion  to  the 
action  of  the  degrading  influences.  "  Want,  squalor,  and  igno- 
rance," says  Car]>enter,  "  have  a  special  tendency  to  indnce  the 
diminution  of  the  cranial  portion  of  the  sknll,  and  that  increase 
of  the  facial,  which  charRcterize  the  prognathous  type."  It  ia 
seen  moat  strongly  marked  in  thp  negroes  of  the  Gnald  Coast. 
In  the  pyramu/al  type,  as  it  is  termed,  the  cheek  bones  are  very 
broad,  and  the  bones  above  are  so  shaped  as  to  give  the  top  of 
the  head  a  sort  of  pyramidal  form.  This  type  we  see  in  those 
tribes  that  lead  a  wandering  life — the  nomadic  raeet,  as  thoy 
are  called.  The  ocal  or  elliptical  form,  which  is  seen  so  well 
marked  in  the  Caucasian  variety,  is  manifestly  the  result  of  ele- 
vating influences.  These  types  are  convertible  into  each  other. 
Thus,  the  oval  may  be  degraded  into  the  prognathous,  or  tho 
prognathous  may  be  elevated  into  the  oval.  The  latter  change 
is  seen  in  the  Ethiopian,  when  in. successive  generations  he  is 
subjected  to  elevatmg  influences,  in  bis  intercourse  with  thq 
Caucasian.  And  it  is  interesting  to  observe  that  the  form  of  the 
head  is  more  readily  changed  than  the  color.  "Thus,"  says 
Carpenter,  "in  some  of  the  older  West  Indian  colonies,  it  is 
not  uncommon  to  meet  with  negroes,  the  descendants  of  those 
first  introduced  there,  who  exhibit  a  very  European  physiog- 
nomy ;  and  it  baa  even  been  asBerted  that  a  negro  belonging  to 
tiie  Dutch  portion  of  Guinea  may  be  distinguished  from  another 
belosging  to  the  British  gettlements,  by  the  Mrailarity  of  the 
3a 
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features  wad  expression  in  each,  to  those  which  peculiarly  char- 
acterized his  master's.  The  effect  could  not  have  been  produced 
by  the  mixture  of  bloods,  since  this  would  be  made  apparent 
by  alteration  of  color."  In  the  same  way  is  the  pyramidal  type 
convertible  with  the  others.  The  pyramidal  and  the  progna- 
thous are  often  mingled  together,  by  the  influence  of  vagabond 
habits  and  degrading  causes. 

678.  The  view  thus  given  of  the  operation  of  influences  in 
producing  the  varieties  of  mankind  is  strengthened  by  the  fact 
that,  as  Humboldt  says  in  his  Cosmos,  there  are  "  many  inter- 
mediate gradations  in  the  color  of  the  slfin  and  in  the  form  of 
the  skull."  If  we  look  alone  at  the  extremes  in  varieties  of  color 
and  form,  we  are  of  course  disposed  to  regard  such  great  diflfer- 
ences  as  marking  a  <listinction  of  species.  But  when  we  see 
these  varieties  passing  into  each  other  by  such  insensible  grada- 
tions, and  at  the  same  time  observe  the  manifest  influence  of 
causes  upon  these  gradations,  as  in  the  cases  referred  to  in  the 
last  paragraph,  the  evidence  is  clear  to  us  that  the  varied  influ- 
ences brought  to  bear  upon  man  are  competent  to  produce  the 
varieties  of  the  race. 

570.  But  it  is  objected  that  although  climatic  and  other  in- 
fluences have  a  great  eft'ect,  yet,  so  far  as  we  can  see,  they  only 
produce  changes  that  approximate  to  those  differences  that 
mark  the  grand  divisions  of  the  race.  They  cannot,  for  exam- 
ple, be  shown,  from  actual  observation,  to  have  effected  the 
entire  change  in  any  length  of  time  of  any  portion  of  the  Cau- 
casian race  into  the  Ethiopian,  nor,  on  the  other  hand,  of  the 
Ethiopian  into  the  Caucasian.  It  is  objected,  farther,  that  the 
peculiarities  of  the  principal  varieties  of  man  existed  in  the  early 
history  of  the  race.  This  a])pears  in  relation  to  the  Ethiopian 
variety  in  the  figures  found  on  Egyptian  monuments.  These 
show  that  the  peculiarities  of  the  negro  race  were  as  strongly 
marked  nearly  5,000  years  ago  as  they  are  now.  This  fixedness 
of  character  under  such  a  variety  of  influences  continued  so 
long,  it  is  claimed,  indicates  that  the  peculiarities  were  original, 
and  not  acquired. 

580.  In  reply  to  both  of  these  objections,  I  will  call  your 
attention  to  a  general  fact,  which  I  deem  to  be  very  significant 
in  its  bearing  upon  the  great  point  at  issue.  It  is  the  ^t  that 
when  a  variety  is  formed  by  any  influences^  eitJier  among  plants 
or  animals,  it  is  apt  to  remain  in  spite  of  opposing  influences. 
It  seems  to  be  easier  by  far  to  produce  a  variety,  than  to  bring 
it  back  to  the  character  of  the  original  from  which  it  came. 
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Domestication  bfM  boen  continually  prododog  varieties  in  tha 
animals  that  man  has  so  lar^ly  appropriated  to  his  aerrice,  and 
tne  varieties  once  produced,  commonlj  remain.  And  the  same 
thing  is  Men  in  the  varieties  resulting  from  the  same  class  of 
induences  so  continuallr  in  the  human  race.  It  is  matter  of 
common  observation  that  family  and  national  peculiarities  are 
apt  U>  be  perpetuated.  And  it  is  not  merely  from  a  continu- 
ance of  the  causes  from  which  they  result,  for  they  are  apt  to 
remain  even  when  strong  counteracting  influences  are  brought 
to  bear  upon  them.  Now  tha  causes  which  tend  to  produce 
varieties  in  the  human  race  acted  of  couise  at  the  first,  and 
were  competent  to  produce  the  most  prominent  varieties  during 
the  6rst  nges  of  the  race.  And  the  tendency  to  fixedness,  whidi 
we  see  exemplified  in  so  many  wap  in  the  varieties  of  both 
plants  and  animals,  is  sufhcieDt  to  account  for  the  perpetuation 
of  such  marked  characteristics  as  those  of  the  Ethiopian  and  the 
Caucasian. 

681.  The  analogy  then  which  is  thus  observed  between  man 
and  the  domesticated  animals  is  a  much  clearer  anfl  stronger 
one,  than  that  which  Professor  Agassis  has  attempted  to  make 
out  between  man  and  animals  generally  in  r^ard  to  zoological 
districts.  And  the  inference  is  a  legitimate  one,  that  ^e  ^ame 
influences,  that  we  see  produce  varieties  in  domesticated  animals, 
are  competent  to  produce  the  varieties  in  the  human  i«ce,  which 
are  even  less  marked  than  soma  of  those  which  we  see  in  ani- 
mals. Varieties  are  produced  more  readily  and  in  greater 
numbers  in  animals  than  in  man,  prob^biy  because  they  have 
less  power  of  resisting  influences  that  act  u)ion  them.  The  va- 
rieties of  some  of  the  domr.'Sticated  animals  are  very  numerous. 

582.  The  analogy  drawn  between  man  and  animals  in  regM\l 
to  zoolc^cal  districts  is  weakened  by  the  consideration,  that 
there  was  no  necessity  for  man's  being  created  in  different  lo- 
calities, because  he  can  migrate  so  easily  from  one  country  to 
another.  The  necessity  existed  in  regard  to  plants  and  animals, 
but  not  to  the  same  extent  in  all.  Migration  is  easier  in  the 
case  of  same  than  in  the  case  of  othera.  And  this  difference 
seems  to  have  been  acted  upon  by  the  Creator,  Accordingly, 
the  evidence  is  quite  conclesive,  that  those  animals  which  have 
been  so  universally  appropriated  by  man  to  his  service,  have 
been  diffused  from  central  points  and  have  gone  with  man, 
instead-  of  being  created  in  maiiy  localities.  This  being  the 
owe,  it  is  hardly  to  be  suppoaed  that  man,  who  is  capable, 
\  his  ingenoity,  and  akill,  and  daring,  of  going  every 
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where,  would  be  unnecessarily  created  in  different  pairs  at  diflfer- 
ent  points  on  the  earth's  surface. 

583.  But  suppose  that  in  >iew  of  all  the  evidence  we  should 
come  to  the  conclusion,  that  the  climatic  and  other  inflaences 
are  not  the  sole  causes  of  the  differences  in  the  races,  are  we  of 
course  driven  to  the  admission  that,  as  As^assis  and  others  teach, 
there  must  have  been  created  at  the  first,  several,  we  know  not 
how  many  different  pairs  in  different  localities  ?  By  no  meaos. 
We  are  not  to  forget  that  the  Creator,  besides  using  inflnences 
of  which  we  have  no  knowledge,  (which  he  is  continually  doin^,) 
can  effect  new  combinations  of  the  causes  already  existing,  or 
introduce  into  operation  entirely  new  causes.  That  he  is  from 
time  to  time  evolving  new  results  in  one  or  the  other  of  these 
ways,  or  both  of  them,  is  manifest.  The  very  common  notion, 
that  at  the  creation  all  the  causes  which  have  produced  all  the 
phenomena  that  have  been  observed  to  the  present  time,  were 
then  set  in  operation,  and  have  heah  left  to  work  out  their 
results,  seems  to  be  contradicted  by  many  facts.  Most  of  the 
causes  then  set  in  ojwration,  it  is  true,  have  been  at  work  ever 
since.  Unless  this  were  so,  nature  would  not  exhibit  the  regu- 
larity which  it  now  does,  and  calculations  could  not  l)e  made 
with  sucli  definitencss  as  to  its  processes  from  knowledge  gained 
by  experience.  But  changes  and  irregularities  sometimes  occur 
which  must  have  been  the  result  of  new  causes.  I  shall  allude 
to  but  a  few  examples. 

584.  The  age  of  man  before  the  flood  was  much  greater  than 
it  has  been  since.  A  change  was  effected  at  that  period.  It 
was  not  a  mere  arbitrary  change,  but  such  a  change  in  the  very 
character  of  the  human  system,  that  its  capability  of  resisting 
the  V.'ndency  to  decline  was  greatly  reduced  in  the  period  of  its 
continuance.  It  was  not  a  change  resulting  from  the  influence 
of  deteriorating  causes,  for  in  that  case  it  would  have  been  less 
suddenly  induced.  To  effect  this  change  some  new  causes  must 
clearly  have  been  brought  to  bear  upon  the  system,  making  it 
in  the  post-diluvian  a  different  system  in  some  important  respects 
from  what  it  was  in  the  ante-diluvian.  Take  a  fact  of  a  differ- 
ent kind,  indicating  a  similar  change  of  agency.  New  diseases 
from  time  to  time  appear.  This  could  not  occur  without  either 
entirely  new  causes,  or  new  combinations  of  elements  heretofore 
existing.  That  very  definitely  marked  disease,  the  small  pox, 
we  have  the  best  of  evidence,  was  not  known  to  the  ancients, 
and  is  comparatively  a  modem  disease.  It  is  impossible  to 
conceive  of  its  being  introduced  without  some  new  cause  of  a 
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very  definite  character.  Take  now  another  fact  of  a  widelv 
difiterwt  kind  from  €ither  of  tlioM  lo  which  I  have  ^ludeo. 
The  earth  is  marked  all  over  with  signs  of  great  convulsions 
that  have  occurred  since  itj  first  creation.  It  has  been  supposed 
till  recently  that  these  signs  all  refer  to  that  great  event  de- 
scribed in  ijio  Biblfi,  the  Deluge  of  Noah ;  but  geological 
researches  have  deinonstrated  pretty  dearly  that  they  point  in 
part  at  least  to  other  previous  convulsions.  Now  these  convul- 
sions are  not  to  bo  reckoned  ns  a  part  of  the  regular  order  of 
nature.  They  could  not  have  resulted  fitim  the  ordinary  causes 
that  act  continuously.  New  causes  inuat  have  been  introduced 
at  the  time,  to  produce  these  unwonted  results. 

685.  It  matters  not  to  the  arirument  above  indicated,  whether 
tlie  new  remiita  that  are  oceaaionally  developed,  come  from  a 
direct  agency  at  the  time,  or  come  from  a  chain  of  causes  set  in 
operation  a  long  time  before.  The  results  are  new  results,  and 
■  coiiJ8*<TOm  causes  or  eombinations  of  causes,  which,  differ  from 
thog>3Jj|iat  have  produceil  the  ordinary  and  regular  results  which 
we  witposs  from  day  lo  day  or  from  year  to  year. 

5SB.  Now  in  like  manner  can  wo  suppose,  if  it  be  necessary^ 
that  the  Creator  producwl  the  varieties  of  the  human  race,  by 
adding  olher  and  new  causes,  to  the  ordinary  influences  to  which 
man  is  subjected.  Tiiis  is  a  much  more  probable  supposition 
than  that  of  the  advocates  of  the  multiple  origin  of  tne  race. 
For  besides  accounting  satisfactorily  for  the  fiicta,  and  at  the 
same  time  beigg  consistent  with  the  record  in  Genesis,  it  is 
more  clearly  supported  hy  analogical  facts  than  the  supposition, 
(for  it  is  a  mere  supposition,)  that  the  human  race  was  created 
in  diff-jrcnt  localities.  And  farther,  this  supposition  avoids  diffi- 
culties which  attend  the  other.  For,  if  we  suppose  that  the 
race  came  from  different  pair^,  it  would  be  difficult  to  decide 
bow  many  psirs  there  were.  Such  are  the  variations  of  the 
race  in  different  localities  that  there  would  be  much  disagree- 
ment ns  hi  the  number  of-the  representative  pairs,  and  their 
distinguishing  characteristics. 

087,  But  it  may  perhaps  be  said  in  objection,  that  I  am 
supposing  B  miraculous  interposition.  Whetjur  it  may  rightly 
btftermed  such  I  will  not  stop  to  consider,  bnt  will  merely  re- 
mark, that  it  is  just  such  an  interposition,orr8ther,  direct  agency, 
as  is  affirmed  by  the  advocaieji  of  a  multiple  creation,  differing 
/roflki<  only  in  /Ae  rime  of  ils  occurreticr.  They  suppose  the 
diriflt>gency  of  God  lo  be  pi)t  -forth  in  u'cation  at  different 
pcMfb,  whetlier  at  different  timM  they  do  not  say,  and  this  is 
32* 
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monlj  quite  accaratel  v  indicated  bj  the  sensations  as  stated 
in  §  87.  The  proper  hygienic  rule  then  on  this  point  is, 
that  we  should  cease  to  eat  when  the  sensations  created  hr 
the  want  of  the  system  are  removed — that  is,  when  the 
hunger  is  appeased,  and  the  accompanying  feeling  of  discom- 
fort is  succeeded  by  a  feeling  of  agreeable  ease. 

618.  But  there  are  mistakes  often  made  in  r^ard  to  these 
sensations.  They  may  be  prevented  from  making  a  true 
report.  Thus,  when  eating  is  done  too  rapidly,  more  food 
than  is  needed  may  be  introduced  into  the  stomach  before 
the  sensation  of  ease  and  satisfaction  is  experienced.  It  is 
only  when  suitable  time  is  giveji  to  mastication,  and  the 
food  is  rather  gradually  introduced,  that  this  sensation  forms 
the  proper  limit  of  eating.  Again,  there  is  a  ver}"  common 
mistake  in  substituting  the  feeling  of  fulness  for  the  sensation 
alluded  to,  as  indicating  the  time  for  ceasing  to  eat.  Tho^^e 
who  adopt  this  false  rule  generally  make  the  stomach  tr 
bear  as  much  as  it  can  without  absolute  discomfort,  and 
many  daily  overreach  this  point  The  result  is,  that  this 
organ  soon  gives  out  under  this  daily  overworking  ;  or,  if 
the  stomach  be  a  strong  one,  an  injurious  repletion  is  pro- 
duced in  the  system.  Even  in  the  latter  case,  the  stomach 
at  length  gives  out,  and  becomes  the  seat  of  disease.  But  it 
is  astonishing  how  much  labor,  in  the  work  of  digestion,  this 
organ  will  perform  in  some  cases. 

619.  Too  little  food  is  sometimes  taken.  Poverty  is 
commonly  the  cause.  But  sometimes  it  arises  from  i^lse 
notions;  as,  for  example,  the  notion  that  the  quantity  of 
food  should  be  regulated  by  weight,  or  the  more  common 
notion,  that  we  should  rise  from  a  meal  with  some  amount 
of  appetite  remaining,  llie  result  is,  that  there  is  not  a 
sufficient  supply  of  chyle  to  meet  the  wants  of  the  system. 
The  wear  and  tear  create  a  demand  which  is  greater  than 
the  supply,  and  the  body  therefore  loses  its  fulness  and  its 
vigor. 

620.  In  determining  the  length  of  the  intervals  between 
the  meals,  we  should  have  regard  to  the  time  required  for  the 
completion  of  the  process  of  digestion,  and  to  the  wants  of 
the  system.  Some  articles  are  digested  more  rapidly  than 
others,  but  it  commonly  requires  from  three  to  four  hours 
to  complete  the  digestion  of  a  meal.  When  the  system  is 
in  a  state  of  action,  its  want  of  food,  as  indicated  by  its 
sensations,  shows  itself  a  little  time  afler  the  completion  of 
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interna]  and  coincideiit  evidence,  its  testimony  in  regard  to  the 
origin  of  the  nice  ia  to  be  received  by  scientific  men,  It  can 
not  be  set  aside  bj  any  mere  presuiptiTe  nod  aiialc^cal  evidence 
drawn  from  physiology  and  nnnrAl  hinory.  If  actual  &ctB 
be  proved  inconsiatent  with  the  Mosaic  history,  as  properly 
interpreted,  they  will  of  courao  bring  discredit  upon  that. his- 
tory. No  immunity  against  a  strict  investigation  is  to  be 
claimed  for  the  Bible.  But  there  is  no  fear  of  such  an  issne ; 
and  it  is  to  be  remembered  that  mere  analoffies  are  not  bets, 
and  are  not  to  be  deemed  as  having  much  foRe^especially  vhen 
there  is  a  question  in  regard  lo  their  value  in  comparison  with 
other  analogies  that  point  to  an  opposite  ct^icltision. 

C86,  If  the  account  given  in  Genesis  be  a  correct  account, 
as  is  generally  allowed  by  the  advocates  of  the  multiple  oiigin 
of  man,  and  if,  as  they  claim,  it  is  the  account  of  the  origin  of 
only  one  bunch  of  the  race,trhi[e  other  pairs  were  created  in 
Other  parte  of  the  world,  they  are  driven  by  the  &cta  In  the 
case  to  this  alternative.  Sther  other  pairs  were  created  with 
an  original  corrupt  nature,  or  they  were  created  innocent  as 
Adam  and  Eve  were,  and  then  were  tempted  in  a  similar  man- 
ner and  with  a  similar  result  To  claim  that  the  other  pairs 
were  made  so  like  Adairf  and  Eve  as  to  constitute  with  them 
one  species,  alike  physically,  intellectually  and  morally,  without 
taking  either  of  the  suppositions  just  given,  is  to  admit  the 
truth  of  only  a  Nmall  portion  of  the  Mosaic  account,  and  is  also 
inconsistent  with  the  existence  of  the  great  acknowledged  fact 
of  the  general  corruption  of  the  race.  So  that  it  is  evident 
that  the  unity  of  the  race,  and  the  truth  of  the  Moaaic  history, 
must  stand  or  fnll  together.  And  it  is  not  the  truth  of  this 
history  merely  that  is  involved  in  this  question,  but  the  truth 
of  the  nible  as  a  whole.  For  the  corruption  of  the  raoe,  which 
the  Bible  seeks  to  remove,  as  before  remarked,  is  throughout 
this  book  distinctly  referred  to  the  &11  of  man  as  recorded  in 
the  Mosaic  history  as  its  origin.  The  moin/aeU  of  that  record 
are  recognized  as  true  by  the  whole  scope  of  the  Bible,  what- 
ever may  be  thought  of  the  minute  particulars  of  the  narration. 
It  matters  not  then,  you  will  observe,  to  the  argument,  whether 
the  Mosaic  account  be  received  as  true  in  all  its  minntiie,  or 
■  whether  it  be  considered,  as  it  is  by  some,  as  a  mere  myth, 
for  the  argnmen  is  based  npon  the  recoflfnition  by  the  rest  of 
the  Bible  ^  the  mun  focta  coDtaJDcd  in  th^istory.  And  if  it  be 
a  nifth  or  Ule,  it  must  be  based,  upon  t^«e  Acts,  or,  in  othei 
words,  it  is  tbew  &ota  that  it  is  tbe'object  ^nthis  myth  to  convey. 
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587.  I  have  thus  presented  a  summarj  (for  it  neoeaaarily  is  a 
mere  summarj)  of  what  I  deem  to  be  the  proper  view  of  this 
subject  In  doing  so,  I  have  kft  out  many  facts  and  considera- 
tions which  are  important,  ifwe  intend  to  go  into  a  full  and 
th(MX)ugh  investigation.  I  have  selected  for  your  consideration 
those  points  which  are  most  prominent  and  important.  I  have 
attempted  to  indicate  as  clearly  as  I  can  the  value  of  the  differ- 
ent prominent  arguments,  that  have  been  advanced  on  both 
sides  of  the  question.  And  from  the  views  and  facts  presented 
I  think  it  yery  %viaent,  that  the  true  interpretation  of  the  pre- 
sumptive evidence,  drawn  from  natural  history  apd  physiology, 
is  entirely  in  accordance  with  the  teaching  of  the  Bible,  viz., 
that  God  *^  made  of  one  blood  all  the  nations  of  men  for  to  dwell 
on  the  iBce  of  the  earth,"  We  are  all  one  brotherhood.  And, 
therefore,  however  debased  our  fellow  man  may  be — to  what- 
ever degree  of  degradation  the  Unrestrained  corruption  of  his 
naturiS  may  have  brought  him — we  are  to  look  upon  him  as 
containing  the  elements  of  that  moral  and  intellectual  elevation 
which  is  attained  by  the  roast  gifted  of  men.  It  is  this  view 
of  the  subject  that  imparts  dignity,  and  interest-,  and  hope,  to  all 
philanthropic  efforts  to  raise  man  from  the  moral,  intellectual, 
and  physical  degradation,  to  which  sin'  has  reduced  him. 

588.  Although  there  are  perhaps  none  at  the  present  time 
who  distinctly  advocate  the  doctrine,  that  the  lower  races  of 
men,  as  they  are  termed,  are  half  way  between  man  and  such 
animals  as  the  monkey  and  ourang-outang,  yet  there  is  in  some 
minds  an  indefinite  partial  admission  of  this  idea.  There  is  a 
disposition  in  some  naturalists  to  make  the  most  of  any  resem- 
blances found  between  tliese  races  and  animals.  The  attempt 
has  been  sometimes  made  to  show,  that  there  is  a  decided  re- 
semblance between  the  form  of  the  Ethiopian  and  that  of  the 
monkey  tribe.  But  it  has  always  failed.  It  has  been  said  that 
the  arm  of  the  negro  is  longer  than  that  of  the  Caucasian,  and 
that  in  this  respect  he  approaches  to  animals  of  this  class.  But 
the  difference  is  so  slight  that  the  analogy  fails  entirely.  And 
besides,  the  hand  of  the  negro,  the  most  important  part  of  the 
upper  extremity,  bears  no  manner  of  resemblance  to  the  imper- 
fect hand  of  the  monkey,  but  is  essentially  like  that  of  the 
European.  It  has  been  said,  too,  that  the  brain  of  the  n^ro  is 
lik9.  that  of  the  monkey.  The  brain  in  any  face  or  family  of^ 
vjpt  that  are  debased  and  ignorant  is  smaller  than  in  the  do- 

j^ated,  and  in'tfaiB  raspect  alone  does  it  approach  tb  that  of  the 
monkey  and  other  n%her  orders  tf  animals.    And,  as  I  haTt 
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before  Mid,  there  ore  certain  mental  characteristjcs  in  the  most 
debased  which  Knk  them  to  the  mcMt  exalted  of  our  race,  creating 
an  "  impassable  chasm  "  between  them  and  the  most  tntelUgent 
of  animaU. 
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figg.  Life  b  very  commonly  Bpoken  of  as  b^ng  -one  thing, 
allbough  its  manifestations  are  exceedingly  vario)is  in  their 
diankcter.  In  the  sitnpleiit  growtlis  that  we  see,  both  in  the 
vegetable  and  Uie  animal  kingdoms,  the  operatjona  of  life  are 
in  some  respects  very  different  from  the  complicated  proceraeB, 
that  we  witness  in  the  human  structure,  which  has  been. the 
aubjt^ct  of  your  study  in  this  book.  And  yet,  as  you  have  seen 
in  tlie  Chapter  on  Cell-Life,  life  in  these  apparently  opposite 
cases  is  essentially  the  same.  It  is  the  same  in  its  origm.  It 
begins  always  in  a  single  cell,  whether  the  living  being  is  to  be 
minute  or  monstrous,  simple  or  complex,  a  phmt  or  an  animal, 
a  creature  of  a  day,  or  a  being  destined  to  immortality.  Why 
it  is  that  from  a  simple  cell  the  vital  force,  as  it  is  termed,  can 
evolve  such  a  range  of  diversified  results  as  we  see  in  all  ani- 
mated nature,  is  oue  of  the  great  mystflries  of  the  Creator.  As 
we  see  in  the  spring  time  a  bud  upon  &  tree  unfold  itself  grad- 
ually, and  develop  to  na  successively  leaves  and  flowers  and 
fruit,  it  fills  us  with  wonder,  when  we  reOaet  how  much  has 
come  from  that  little  bud ;  but  when  we  go  farther,  and  think 
of  the  whole  Iree  as  having  come  (torn  a  single  cell,  so  small 
that  it  can  be  seen  only  by  the  microscope,  the  mystery  appears 
pHssing  wonderful.  And  it  is  a  still  greater  mystery,  when  a 
com|>1icuted  animal  organization  is  looked  at  as  having  been 
developed  by  the  vital  force,  alike  with  all  other  hving  things, 
tliroiign  a  smgle  cell  as  its  origin, 

500.  Ufa  is  not  only  always  the  same  in  its  origin,  but  it 
continues  essentially  the  stmio  in  its  processes,  All  the  various 
forms  which  it  pntduces,  both  in  the  vegetable  and  animal 
world,  arv  built  and  kept  in  repair  by  cells.  All  the  fanctions, 
too,  itre  cu-tied  on  through  the  same  agency.    The  secretions 
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and  excrotions,  as  you  saw  in  §  201,  are  effected  by  oonstaot 
suooessive  creations  of  numberless  cells.  Even  the  intellectual 
operations  in  the  mind  of  man  are  dependent  upon  cells  so  long 
as  the  mind  is  connected  with  the  body.  In  thinking,  as  well 
as  in  muscular  motion,  cells  are  worn  out,  and  must  be  replaced 
by  other  cells,  which  are  continually  supplied  by  the  vital  force. 
591.  Life  beings  thus  wonderful  in  its  operations,  the  inquiry 
arises,  what  can  this  mysterious  agent  be.  With  curious  eye 
we  watch  its  workings,  but  although  we  can  .learn  some  of  its 
laws,  its  nature  eludes  our  search.  Then  pressing  the  micro- 
scope into  our  s^^rvice,  we  trace  it  back  to  its  hiding  place  in  a 
minute  round  cell  containing  a  fluid ;  but  simple  as  this  prison 
is  in  which  it  is  confined,  it  is  more  of  a  mvsterv  than  ever. 
The  vital  force,  which  begins  here,  and,  enlarging  more  and 
more  the  sphere  of  its  operations,  developes  gradually  the  simple 
or  the  complicated  living  form,  as  the  case  may  be,  has  been 
classed  bv  some  with  other  forces,  the  nature  of  which  we  do 
not  understand,  as  heat,  light,  and  electricity.  But  it  differs 
from  them  entirely  in  some  important  poinU.  While  they  act 
in  connection  with  matter  generally,  both  organized  and  unor- 
ganized, vital  force  is  only  seen  acting  in  orgnnize^l  subst^mccs. 
W  hile  they  diifuse  themselves  through  all  kinds  of  matter  with 
more  or  less  rapidity,  the  vital  force  has  no  power  of  diffusion, 
but  is  confined  within  certain  limits.  These  limit<(  differ  in  the 
different  living  substances.  The  vital  force  has  the  jK)wer  of 
appropriating  matter  to  itself  within  tlu»se  limits.  It  does  this 
by  assimilation,  as  described  in  §  10.  It  luis  then  the  power 
of  extension  to  a  limited  degree ;  while  the  other  forces  men- 
tioned have  the  power  of  diffusion,  in  some  respects  limitle.ss. 

692.  Another  difference  is  this.  While  these  forces,  light, 
heat,  and  electricity,  are  lessened  in  power  by  Ixjing  diffused, 
vital  force  is  not  lessened  by  extension.  Heat,  for  example,  if 
diffused  is  lessened  at  the  point  of  its  difliision ;  but  life  is  as 
energetic  at  its  starting  point  after  its  extension  as  before,  and 
even  more  so.  It  is,  so  to  speak,  self-generating,  while  tlie 
other  forces  are  mere  products.  The  vital  force  stands  peculi- 
arly alone  in  this  respect  The  effects  too,  which  this  force 
produces,  as  it  lays  common  matter  under  contribution,  and 
fiishious  it  in  such  diversified  form.s,  have  an  infinitely  wider 
range  of  variety  than  the  effects  of  the  other  forces. 

693.  We  can  thus  trace  the  differences  between  the  vital  forc« 
or  principle  and  other  forces,  but  we  cannot,  as  I  have  before 
aaid,  diaoem  its  nature.     We  know  not  whether  it  be  one  thing. 
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It  ia  coorenient  to  speak  of  it  as  being  to.  But  we  know  tfot 
bat  that  it  may  be  a  compound  of  endowmentH,  or  tendencies 
imparted  to  matter,  and  varying  with  tlie  various  forms  of  living 
subatances.  Some  have  supposed  that  the  vital  [ffnciple  restdee 
chiefly  in  tbe  blood,  and  that  tbiB  is  tbe  meaning  of  the  passage 
in  the  Bible,  "the  life  of  the  fleah.is  Uie  U^d."  lliat  the 
Wood  has  some  vital  propertjcs  is  certainly  tru?  These  prop- 
erties are  communicated  to  it  as  it  ia  dude  from  the  food,  and 
fit  it  to  be  the  material  for  the  construction'  and  repair  of  the 
organization.  And  it  is  nimply  the  fiict,  that  the  blood  is  the 
common  material  out  of  which  all  the  diversiScd  parts  of  the 
living  structure  are  made,  that  is  rcoognized  in  the  language  of 
Scripture  on  this  subject.  The  same  fact  is  embodied  in  an- 
oUier  form  in  t!ie  remark  of  the  French  physiologist,  that  the 
blood  is  chair  cotUanle,  or  running  Seah. 

694.  When  the  vital  force  Appropriates  to  itself  common 
matter  in  BJiaimilarion,  it  takes  it  away  in  part  from  the  opera- 
tion of  cerC^n  forces  which  have  had  entire  control  over  iL  As 
long  as  it  is  common  dea^  matter,  it  is  wholly  subject  to  the 
Ia#s  of  m,echanics,  and  of  clivmica!  action.  But  when  it  be- 
comes organized  living  matter,  the  laws  of  life  take  possession 
of  it.  The  laws  of  chemistry  and  mechanics  at%  not,  it  is  trnd, 
annulled  in  relation  to  it.  They  still  exert  their  influence,  but 
under  the  control  of  vital  laws.  The  force  of  gravity  acts  oou- 
linually  upon  the  body ;  but  the  living  muscles  are  much  of  the 
time  acting  in  direct  opposition  to  it.  The  blood  circulates  on 
hydraulic  principles ;  bnt  the  vital  force  furnishes  the  motive 
power,  and  keeps  the  blood  fVom  becomin^^Bolid  and  stopping 
up  its  obannels.  Chemical  changes  are  going  on  in  the  stomach, 
the  Inngs,.  and  at  every  point  in  the  capillary  circulation ;  but 
they  are  modided,  controlled,  by  the  vital  principle,  and  are 
properly  termed  chemico-vital  processes. 

695.  The  human  body  is  made  Of  materials  that  are  exceed- 
ingly'prone  to  chemical  decompoeition,  and  the  degree  of  heat 
which  is  maintained  ia  auch  aa  to  favor  this  resalt ;  but  the  vital 
force  not  only  holds  the  chemistry  of  the  ayatem  in  abeyance, 
but  even  presses  it  into  its  service.  When  life  ie  destroyed,  the 
laws  of  chemistry  assume  their  full  sway,  and  the  process  of 
decay  begins:  The  very  t^ncies  which  served,  while  under 
the  control  of  the  vital  principle,  to  maintain  the  living  orgnni- 
i^tion,  now  actins  alone  run  riot,  and  woric  its  destruction. 
Thus,  that  powd^I  agent,  heat,  existing  in  the  body  at  the 
point  of  SB",  ia  ntoenarj  to'tha  carrying  on  of  the  processea  of 
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life ;  but  let  life  be  des|royed,  and  the  niAinteiianoe  of  this  de- 
gree of  heat  would  ensure  a  ver^  rapid  putrefaction.  So  too,  a 
degree  of  heat  which  would  rapidly  putrefy  a  dead  egg  tj 
quickening  tKe  chemical  changes,  would  actively  8tiniuUto.iD  a 
living  egg  those  curious  viUil  processes  that  produce  at  length 
the  bird.  DiUJDg  incubation '  the  egg  of  the  hea  is  kept  for 
three  weeks  ^ra  heat  of  105^,  and  yet  when  the  chicken  is 
hatched  all  of  the  yolk  that  ii^  left  is  unchanged.  A  dead  egg 
would  soon  putrefy  under  such  a  temperature. 

596.  The  vital  force  exhibits  its  controlling  power  in  an  ex- 
traordinary manner  in  connection  with  that  great  force  of  nature 
to  which  I  have  just  referred.  Heat  is  very  diffusive,  and  is 
exceedingly  liable  to  change  from  varying  circumstances.  And 
yet  the  vital  force  maintains  the  heat  of  the  body  quite  uni- 
formly at  one  point,  although  the  agencies  which  tend  to  vary 
it  are  very  numerous  and  etlective.  The  production  of  heat  in 
the  system  is  a  chemical  0[>eration,  but  the  vital  principle  reg- 
ulates the  quantity  in  the  body  very  accurately,  by  providing 
for  its  escape  in  various  ways,  and  perhaps  by  curtailing  in  some 
measure  its  production. 

697.  Continual  changes  are  effrctcd  by  the  vital  fbrce  in  every 
part  of  the  body.  In  one  sense  death  may  be  said  to  be  taking 
place  constantly,  while  life  is  as  constantly  generated,  as  the 
useless  particles  arc  separated  and  taken  away,  and  tlie  new 
ones  are  deposited  in  their  ])laco.  While  tlie^e  changes  are 
going  on  the  vital  force  so  operates  as  to  maintain  the  peculiar 
shape  and  plan  of  every  part,  even  during  iU  growth.  And  as 
we  Kx)k  abroad  over  all  the  diversified  forms  of  animated  na- 
ture, the  accuracy  with  which  this  force  works  in  the  prescribed 
mould  of  each  is  very  wonderful.  This  point  I  have  commented 
upon  in  the  first  chapter,  page  18,  and  will  not  dwell  upon  it 
here. 

598.  While  the  vital  force  is  in  action  there  is  constant 
change;  but  sometimes  it  is  dormant.  A  seed  in  its  quiescent 
state  has  life  in  it,  ready  to  be  waked"  into  action  by  the  proper 
excitants,  air,  warmth,  and  moisture.  Seeds  that  were  found  in 
the  excavations  of  Pompeii  have  shown  that  they  retained  their 
hfe  during  all  this  time,  by  shooting  forth  their  germs  as  soon 
as  they  were  exposed  to  these  natural  excitants  of  their  growth. 
One  of  the  most  interesting  cases  of  tjiis  kind  is  related  by  Dr. 
Lindley.  "  I  have  now  before  me,"  he  says,  "  three  plants  ef 
Raspberries,  which  have  been  raised  in  the  gardens  of  the  Hor- 
ticultural Sodety,  from  seeds  taken  from  the  stomach  of  a  man 
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whose  skeletou  was  found  tliirty  fuet  below  the  sur&oe  of  the 
Oftrtb,  at  the  bottom  of  a  burrow  which  was  openod  near  Dor- 
chester. He  had  been  buried  with  some  coin  of  the  Emperor 
Hadriao,  and  it  is  probable,  therefore,  that  the  aeeds  wera  six- 
teen or  seventeen  hundred  years  old." 

599.  A  similar  dormant  condition  of  the  vital  force  exists  in 
s  greater  m  less  d^ree.  "a  you  saw  in  g  IfiB,  in  the  state  of 

*  hibernatioQ.  So  also,  in  oold  climates,  life  is  throughout  al- 
most the  whole  vegetable  world  dormant  during  the  period  of 
winter,  to  woke  to  greater  energy  from  the  stimulating  warmth 
of  spring.  In  the  human  body,  with  the  exception  of  soma 
few  very  rare  cases,  life  is  always  in  an  active  state.  Some 
poitions,  however,  of  the  system  are  a  part  of  the  time  dormant 
for  the  purpose  of  rest  and  repair.  The  brain  and  the  muscles 
sleep ;  but  during  their  sleep  bfe  is  busy  in  the  formative  vessels, 
repairing  their  energies,  and  wo  may  say,  their  textures  also, 
which  hate  been  wasted  by  their  labor.  I  will  not  dwell  longer 
upon  this  interesting  subject,  but  in  leaving  it  I  remark,  that  it 
is  a  very  wonderful  attribute  of  the  vital  force  that  it  can,  as 
in  the  cose  of  the  hibernating  warm  blooded  animals,  stop  all 
its  active  operations,  without  damage  to  the  machinery  of  life, 
and  with  such  fticility  resign  itself  into  a  state  of  temporary 
inactivity. 

600.  The  most  mysterious  of  all  the  circumstances  in  regard 
to  the  vital  force  is  \is  connection  in  man  with  the  immortal 
soul.  The  life  and  the  soul  are  so  intimately  connected  that 
some  have  considered  them  to  be  the  same.  But  they  are  two 
distinct  forces.  They  are  in  some  measure  indeed  antagonistic  to 
each  other.  For  the  soul,  in  using  thff  machinery  of  uio  nerves 
and  muscles  occasions  a  wear  and  tear  of  tlie  structure,  which 
it  is  the  office  of  life  with  its  numberless  cell-laboratories  to  ro- 
pfur.  The  soul  and  the  vital  principle  are  both  present  in  all 
parts  of  the  system,  but  not  in  the  same  sense.  The  vital 
principle  is  seen  equally  at  work  every  where.  It  has  no  great 
central  organ  from  which  it  sends  forth  its  influence.  But  the 
soul  is  especially  connected  with  the  brain,  and  by  means  of 
the  complicated  nervous  connections  of  this  organ,  il 
and  is  affected  by  all  parts  of  the  sjrstem.  Its  iuflucncf 
an  all  pervading  one.  Every  point  of  the  living  orga 
has  thus  a  sort  of  telegraphic  communication  with  vie 
t«rialsouL 

001.  But  there  a  aaotber  view  of  this  connection  of  the  soul 
and  the  rital  principle.    The  soul  is  developed  in  and  with  the 
SS 
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living  structure.  It  is  not  created  by  itself  and  pat  into  the 
body  as  a  tenant.  Its  powers  are  developed  while  the  vita] 
force  developes  the  powers  of  the  physical  organization.  The 
two  processes  go  on  together.  Nay  more,  the  development  of 
the  soul  is  in  a  mciisure  dependent  upon  the  development  of 
the  body.  The  vital  force  exerts  a  manifest  influence  upon  the 
souFs  growth.  As  it  prepares  the  organs  for  the  use  of  the 
Boul — those  organs  by  which  it  acquires  knowledge  from  with- 
out, and  thus  procures  the  stimulus  and  even  the  material  for 
its  growth — whenever  the  vital  force  fails  to  construct  these 
organs  properly,  the  powers  of  the  soul  are  not  well  developed. 
This  we  see  exemplified  in  the  idiot.  In  this  intimate  connec- 
tion of  the  soul  with  life  we  find  a  great  mystery.  Life,  a  force 
belonging  to  mere  matter,  an  endowment  of  it,  or  a  compound 
of  its  endowments — life,  that  builds  up  all  organized  substanoee, 
the  humblest  and  simplest  vegetable  growth,  as  well  as  that 
most  complex  of  all  living  structures,  man — life,  that  so  soon 
perishes  in  the  noblest  of  its  works  that  it  is  likened  to  the  dis- 
solving vapor — is  made  by  the  Creator  an  agent  in  developing 
an  immaterial  principle  or  being,  that  is  to  survive  the  dissolu- 
tion of  the  structure  in  which  it  is  generated,  and  is  to  live 
forever.  Strange  that  the  immortal  should  be  thus  produced 
in  the  mortal — that  the  unchangeable  and  imperishable  soul 
should  be  thus  developed  in  such  intimate  connection  with  the 
changeable  and  perishable  body.  It  is  a  mystery  which  we 
cannot  fathom. 

602.  The  vital  force,  that  is  so  busy  in  building  and  repair- 
ing so  long  as  it  lasts,  has  in  all  cases  its  natural  limit ;  and  in 
the  case  of  the  human  system  it  seldom  fully  reaches  this  limit. 
The  diversified,  and  complicated,  and  beautiful  structures  which 
it  evolves,  if  saved  from  accident  till  the  natural  period  of  de- 
cline comes,  lose  their  vigor  and  beauty,  and  at  length  die  and 
are  given  up  to  the  action  of  the  common  laws  of  chemistry, 
which  the  vital  force  has  so  long  resisted  and  controlled.  The 
structures  then  decay,  and  the  particles  are  dissipated,  perhaps 
to  be  united  again  to  other  structures. 

603.  The  death  of  the  body  is  not  ordinarily  complete  at 
the  moment  when  what  we  term  death  occurs.  Though  as  a 
whole,  as  a  system  of  organs,  the  operations  of  life  are  at  an 
end,  yet  there  is  some  degree  of  life  in  some  parts,  and  there 
may  be  in  all  parts  of  the  body.  The  beard  and  nails  even, 
may  ^w.  Some  of  the  organs  may  secrete  their  fluids — ^the 
liver  its  bile,  and  the  stomach  its  gastric  juice.    Some  <^  the 
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propertiea  of  life,  too,  manifestly  still  remain.  The  irritability 
of  the  muscles,  which  is  strictly  a  vital  property,  as  it  never 
belongs  to  common  dead  matter,  still  appears  on  the  applica- 
tion of  excitants.  It  was  the  contraction  of  the  muscles  in  the 
leg  of  a  dead  frog  on  the  accidental  application  of  a  stimulus, 
that  led  Qalvani  to  his  grand  discovery.  And  it  is  throiigh 
this  vital  property  that  the  culprit  who  has  been  hung  can  be 
galvanized  into  apparent  life.  Death  then  may  be  said  to  be 
of  two  kinds — systemic,  that  is,  the  death  of  the  body  as  a 
whole,  a  system  of  organs — and  molecular,  that  is,  the  death 
of  the  individual  molecules  or  particles  which  compose  the 
body.  Death  can  be  said  to  be  complete  only  when  the  laws 
of  life  have  resigned  their  power  over  these  molecules,  and  the 
laws  of  purely  chemical  action  have  taken  their  place.  When 
this  change  occurs,  the  process  of  decay,  which  is  strictly  a 
chemical  process,  begins. 

604.  It  will  be  interesting  to  notice  here  the  modes  in  which 
systemic  death  occurs.  There  are  three  great  systems  in  the 
l)ody,  each  of  which  is  immediately  essentiid  to  ^e  continuance 
of  life — ^the  system  of  the  circulation,  the  respiratory  system, 
and  the  nervous  system.  And  we  may  speak  of  death  as  be- 
ginning in  any  one  of  these  systems  when  the  cause  of  death 
acts  primarily  upon  it  I  will  notice  some  examples  under  each 
head. 

605.  K  a  large  quantity  of  blood  be  lost,  so  large  as  to  result 
&tally,  death  in  this  case  obviously  begins  in  the  circulation. 
The  heart  not  being  supplied  with  the  quantity  of  blood  that 
usually  flows  through  it,  becomes  more  and  more  feeble  in  its 
action,  till  it  at  length  ceases  to  beat.  When  a  large  aneurism 
bursts,  it  is  the  sudden  drain  from  the  circulation  mat  destroys 
life. 

606.  Any  thing  which  to  any  great  extent  prevents  the  air 
from  entering  the  lungs  may  cause  death  to  begin  in  the  respt 
ratory  system.  This  may  be  done  by  three  classes  of  causes. 
1st.  Causes  thtft  act  upon  the  large  air  passages.  Examples 
of  this  class  of  causes  are  stranding,  smothering,  drowning, 
d;c.  In  croup  the  principal  cause  of  death  is  the  prevention 
of  the  free  passage  of  air  tlirough  the  windpipe  into  the  lungs. 
2d.  Causes  which  act  upon  the  walls  of  the  chest.  If  a  bank 
of  earth  fall  upon  a  man,  though  it  leave  his  head  clear,  so  that 
the  air  passages  are  unobstructed,  he  cannot  breathe,  because 
his  chest  is  held  as  if  in  a  vice.    A  man  came  near  dying  from 

^this  cause,  who  was  having  a  cast  taken  of  the  up^t  y^tS.  <^^ 
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his  body.  If  tho  muscles  of  respiration  were  to  be  paraljased| 
death  would  ensue,  just  as  it  does  when  they  are  presented  from 
acting  by  other  causes.  3rd.  Causes  acting  upon  the  lungai 
Disease  may  occasion  an  amount  of  obstruction  in  the  veiy 
substance  of  the  lungs  sufficient  to  cause  death.  It  doea  so  by 
preventing  the  introduction  of  the  air  into  the  minute  air  vessels, 
where  the  air  revivifies  the  blood.  The  obstruction  is  just  as 
effectual  in  this  case  as  it  is  where  it  occurs  in  the  large  air 
passages. 

607.  When  death  occurs  from  a  blow  upon  the  head  as  the 
immediate  result  of  the  shock,  we  have  an  example  of  death 
beginning  in  the  nervous  system.  But  the  cause  may  act  upon 
this  system  in  some  other  quarter.  A  blow  at  the  pit  of  the 
stomach,  for  example,  may  so  shock  the  whole  nervous  system 
as  to  stop  at  once  the  operations  of  life.  Some  poisons,  too,  as 
opium,  destroy  life  by  their  influence  upon  this  system.  Very 
extensive  bums  give  a  shock  to  the  nerves  from  which  they  do 
not  rally.  The  same  can  be  said  of  other  injuries  when  there 
is  no  recovery  from  the  first  shock.  Powerful  medicines,  im- 
properly given  in  cases  of  disease  disposed  to  prostration,  may 
depress  the  nervous  system  to  a  point  from  which  it  may  never 
revive.  Cold  destroys  life  mostlv  by  Uie  benumbing,  paralyzing 
influence  which  it  exerts  upon  the  nerves. 

608.  Tliough  we  thus  classify  the  modes  of  death,  in  the 
great  majority  of  cases  death  is  a  complex  event,  resulting  from 
a  concurrence  of  causes.  It  is  so  even  when  the  disease  is  not 
of  a  complicated  character.  Take,  for  example,  a  case  of  pure 
uncomplicated  consumption,  in  which  all  the  organs  but  the 
lungs  are  in  a  healthy  state  to  the  end.  The  whole  system 
becomes  at  length  exhausted  by  the  disease.  If  this  exhaustion 
alone  be  the  cause  of  death,  then  we  may  say  that  it  is  an  ex- 
ample of  death  beginning  in  the  nervous  sptem.  But  if  the 
obstruction  in  the  lungs  to  the  admission  of  air  in  the  air-cells 
be  the  cause,  it  is  a  case  of  death  beginning  in  the  respiratory 
system.  Generally  in  such  cases  death  results  from  the  two 
causes  combined,  and  it  is  often  difficult  to  determine  which  is 
the  more  prominent  cause. 

609.  The  signs  of  death  are  so  clear  that  there  is,  with  very 
few  exceptions,  no  misUiko  in  regard  to  the  occurrence  of  the 
event  The  stories  that  are  related  about  burying  alive  are 
most  of  them  unfounded.  The  apprehensions  creat^  by  them 
in  the  minds  of  some  persons  have  led  them  to  insist,  that  no 
body  ought  to  be  committed  to  the  flfrave,  till  the  most  in&Ui- 
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ble  sign  of  death,  pntreractiun,  has  iip|]eared.  Tliat  we  ehould 
wait  for  the  appearaoco  of  this  sign  in  all  cases  in  which  tliera 
is  a  shadow  of  douht,  I  will  allow.  But  the  caaea  are  eioeed- 
iiigly  rare  in  which  ve  cannot  detormine  the  reality  of  death 
long  before  this  aig^n  shows  itself.  Our  decision  is  not  made 
lip,  it  must  he  observed,  merely  from  the  signs  of  death.  All 
the  circumstances  of  the  case  arc  tjiken  into  new — the  disease, 
ilfl  progress,  its  symptoms,  and  the  events  of  the  last  hours  of 
the  patient  With  this  evidence  before  us,  we  absolutely  know, 
in  all  ordinary  cases,  that  death  has  occurred  when  the  respi- 
ration and  the  circulation  have  ceased.  And  in  the  exceed- 
ingly few  cases  in  which  there  is  any  reason  to  douht  on  that 
point,  tliere  is  always  something  which  will  attract  the  attention 
and  excite  the  curiosity  of  some  one,  unless  there  be  stolid  in- 
difference and  the  most  absolute  lack  of  intelligence.  In  such 
cases  there  is  always  something  strange — the  circumstances 
attending  the  cessation  of  the  respiration  and  circulation  are 
singular,  and  the  signs  of  death  are  not  complete  and  in  their 
proper  order  of  succession.  Whenever  there  is  for  these  reasons 
any  doubt  as  to  the  reality  of  the  apparent  death,  the  strictest 
watch  should  be  maintained  till  iJie  signs  of  commencing  putre- 
faction appear.  With  this  simple  rule  of  prevention  burying 
alive  need  never  to  occur. 

610,  The  investigations  of  physiology,  as  you  lave  seen,  end 
with  the  death  of  the  body.  It  can  mve  us  no  light  on  the 
question  as  to  what  may  be  beyond  this  life.  Although  the 
physiologist  studies  the  human  structure  not  merely  as  an  or- 
ganization instinct  with  life,  but  also  as  the  wonderful  machinery 
through  which  a  reasoning  soul  acts  and  is  acted  upon  in  this 
state  of  being,  yet,  as  a  physiologist,  he  knows  not  that  the 
soul  Gurvires  the  doath  of  the  body.  He  knows  not  hut  that 
it  is  a  mere  endowment  of  matter,  as  life  probahly  is,  and  so 
perishes  in  the  hour  of  dissolution.  Ue  may  indeed  conjecture 
that  such  exalted  faculties  which  are  in  this  world  susceptible 
of  such  high  cultivation,  instead  of  being  destroyed  widi  the 
body,  are  destined  to  stilt  farther  development  in  another  state 
of  existence.  But  what  is  mere  conjecture  to  him  as  a  Physi- 
ologist, is  made  fact  to  him  as  a  Christian.  Theeye  of  his 
faith  sees  an  immortal  spirit  rise  from  the  dying  body,  and  be 
realizes  the  trutli  of  the  sublime  declaration,  that  "death  is 
swallowed  up  of  victory." 


\ 
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CHAPTER  XXI. 

HYGIENE. 

611.  It  seems  appropriate  that  the  concluding  ofaapterof 
this  book  should  be  on  Hygiene.  Afler  having  considered 
the  construction  of  the  machinery  of  the  human  system  and 
the  uses  which  the  nund  makes  of  it,  one  naturally  inquires 
whiit  are  the  conditions  on  which  the  full  development  of 
this  complicated  machinery  and  its  daily  repair  depend. 

612.  The   principles   and   rules   of  Hygiene  are  to   bo 
learned  from  two  sources.     1.  They  are  to  be  learned  from 
Physiology.     As  we  observe  the  functions  of  the  difierent 
organs,  we  can  lenrn  what  those  circumstances  are   which 
favor  their  due  performance,  and  what  those  are  which  in- 
terfere with  it.     2.  They  are  to  be  learned,  also,  by  observ- 
ing  the   effects  of  those    agencies    which    are    known     to 
interfere  with  the  functions  and  to  produce  disease.     An 
exemplification  of  these  two  modesof  learning  the  principles 
of  Hygiene  in  relation  to  a  single  point  will  sumce.      The 
study  of  the  physiology  of  the  chest  shows  us  that  nature 
has,  in  the  construction  of  its  framework,  especially  provided 
for  giving  ample  room  to  the  lungs ;  and  so  we  deduce  a 
law  of  Hygiene,  that  the  chest  should  not  in  any  way  suflfer 
compression.     This  is  the  first  mode.     But  the  same  law 
can  be  deduced  by  the  second  mode,  that  is,  by  observing 
the  results  of  compression  of  the  chest. 

613.  Rules  of  hygiene  generally  have  but  little  practical 
influence,  unless  the  physiological  facts  upon  which  they  are 
based  are  understood.  Although  the  evil  effects  of  their 
violation  may  be  vividly  portrayed,  and  even  illustrated,  as 
in  the  case  of  the  chest,  by  engravings,  the  impression  upon 
the  mind  is  by  no  means  as  thorough  and  practical,  as  when 
the  same  lesson  is  enforced  by  a  clear  knowledge  of  the 
functions  and  arrangements  of  the  organs  and  the  conditions 
necessary  to  their  healthy  action.  Physiology,  therefore, 
should  be  studied  as  preparatory  to  a  proper  appreciation  of 
Hygiene. 

614.  Not  only  is  a  knowledge  of  Physiology  essential  to 
a  proper  appreciation  of  the  rules  of  Hygiene,  but  in  many 
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cases  they  cannot  be  fully  understood  in  their  varied  appli- 
cation without  such  a  knowledge.  With  the  very  partial 
and  auperfieial  kuowledgo  of  Physiology  that  is  usually 
coriiiimiiicated  with  Hygiene,  these  rules  are  for  the  motit 
part  mere  arbitrary  rules.  And  just  so  far  as  the  principles 
on  which  they  are  based  are  not  imiloraiood,  ia  there  a 
liability  to  mistake  their  application  under  various  circum- 

(il5.  In  considering  the  subject  of  hygiene,  the  natural 
division  of  Physiology,  stated  in  g  57,  should  be  kept  in 
mind.  There  is  a  hygiene  relating  to  the  eonitruction  of  the 
machinery  of  the  body,  and  there  is  also  a  hygiene  relating 
^J  the  utet  of  this  randiinery.  Besides,  each  organ  has  to  a 
certain  extent  its  own  hygiene.  And  yel,  as  all  the  organs 
are  connected  more  or  less  together  in  sympathetic  action, 
there  is  a  general  liyglcne  of  the  system.  1  shall  observe 
for  the  most  part  the  same  natural  order  that  I  followed  in 
developing  the  subject  of  Physiology.  I  shall  first  treat  of 
ihe  hygiene  of  the  con^trnciion  and  repair  of  the  system — 
that  is,  the  hygiene  of  digestion,  circulation,  respiration,  and 
formation  and  lepair.  You  can  recur  toa  summary  of  these 
functions  given  in  g  69.  I  shall  then  pass  t'l  the  considera- 
tion of  the  hygiene  of  the  utes  of  the  machinery  thus  con- 
structed and  kept  in  repair. 

616.  Many  of  the  points  in  the  bygiene  of  the  digestivt 
organs  have  been  already  noticed  in  the  physiology  of  diges- 
tion. 1  need  say  nothing  more  in  addition  to  what  is  said 
there  of  the  importance  of  the  thorough  mastication  of  food, 
and  of  its  having  a  due  amount  of  saliva  mingled  with  it ; 
of  the  evils  resulting  from  eating  too  fast,  from  eating  be- 
tueen  meals,  and  from  eating  a  great  variety  of  food  ;  and 
of  the  influence  of  exercise  upon  the  process  of  digestion. 
There  are  some  other  points,  however,  that  remain  to  be 
noticed. 

617.  No  very  precise  rules  can  be  given  as  to  the  quan- 
tity of  food  that  is  proper  to  be  eaten.  But  a  consideration 
of  the  physiological  principles  of  digestion  suggests  rules 
that  are  sufficiently  definite  for  practical  purposes.  There 
must  be  such  an  amount  of  food  as  will  furnish  sufficient 
chyle  to  keep  the  blood,  the  building  material  of  the  body, 
in  proper  quantity.  The  question  arises,  how  we  shall 
know  what  amount  of  food  is  requisite  for  this  purpose 
Fortunately,  the  want  of  the  system  and  its  supply  a. 
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monly  quite  accurately  indicated  by  the  sensations  as  stated 
in  §  87.  The  proper  hygienic  rule  then  on  this  point  is, 
that  we  should  cease  to  eat  when  the  sensations  created  by 
the  want  of  the  system  are  removed — that  is,  when  the 
hunger  is  appeased,  and  the  accompanying  feeling  of  discom- 
fort is  succeeded  by  a  feeling  of  agreeable  ease. 

618.  But  there  are  mistakes  oflen  made  in  regard  to  these 
sensations.  They  may  be  prevented  from  making  a  true 
report.  Thus,  when  eating  is  done  too  rapidly,  more  food 
than  is  needed  may  be  introduced  into  the  stomach  before 
the  sensation  of  ease  and  satisfaction  is  experienced.  It  is 
only  when  suitable  time  is  giveji  to  mastication,  and  the 
food  is  rather  gradually  introduced,  that  this  sensation  forms 
the  proper  limit  of  eating.  Again,  there  is  a  ver}'  common 
mistake  in  substituting  the  feeling  of  fulne.ss  for  the  sensation 
alluded  to,  as  indicating  the  time  for  ceasing  to  eat.  Tho.^e 
who  adopt  this  false  rule  generally  make  the  stomach  U 
bear  as  much  as  it  can  without  absolute  discomfort,  and 
many  daily  overreach  this  point.  The  result  is,  that  this 
organ  soon  gives  out  under  this  daily  overworking ;  or,  if 
the  stomach  be  a  strong  one,  an  injurious  repletion  is  pro- 
duced in  the  system.  Even  in  the  latter  case,  the  stomach 
at  length  gives  out,  and  becomes  the  seat  of  disease.  But  it 
is  astonishing  how  much  labor,  in  the  work  of  digestion,  this 
organ  will  perform  in  some  cases. 

619.  Too  little  food  is  sometimes  taken.  Poverty  is 
commonly  the  cause.  But  sometimes  it  arises  from  false 
notions;  as,  for  example,  the  notion  that  the  quantity  of 
food  should  be  regulated  by  weight,  or  the  more  common 
notion,  that  we  should  rise  from  a  meal  with  some  amount 
of  appetite  remaining.  The  result  is,  that  there  is  not  a 
sufficient  supply  of  chyle  to  meet  the  wants  of  the  system. 
The  wear  and  tear  create  a  demand  which  is  greater  than 
the  supply,  and  the  body  therefore  loses  its  fulness  and  its 
vigor. 

620.  In  determining  the  length  of  the  intervals  between 
the  meals,  we  should  have  regard  to  the  time  required  for  the 
completion  of  the  process  of  digestion,  and  to  the  wants  of 
the  system.  Some  articles  are  digested  more  rapidly  than 
others,  but  it  commonly  requires  from  three  to  four  hours 
to  complete  the  digestion  of  a  meal.  When  the  system  is 
in  a  state  of  action,  its  want  of  food,  as  indicated  by  its 
sensations,  shows  itself  a  little  time  afler  the  completion  of 
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the  process  of  digestioD.  The  interval,  then,  between  the 
meals  should  not  vary  much  from  four  hours.  If  it  be  made 
longer  than  five  hours,  some  degree  of  exhaustiim  results ; 
and  if  it  be  less  than  three  hours,  disturbance  of  the  diges- 
tive process  may  occur,  from  havirig  the  digestion  of  one 
meal  begin  before  that  of  the  previous  one  is  Ciirjy  finished. 

621.  It  is  important  that  the  meals  should  be  eaten  at  * 
regular  periods  from  diiy  to  day.  For  the  atomoch,  with  its 
times  of  work  and  of  rest,  naturally  contract')  regular  habits, 
a  disturbance  of  which  is  injurious.  This  obedience  to  habit 
in  this  organ  is  manifest  whenever  any  change  is  made  in 
the  time  of  eating. 

623.  The  question  is  oflen  asked,  whether  such  and  such 
an  article  "  is  healthy,"  as  if  [here  were  essentially  difierent 
degrees  of  suitableness  in  different  articles  of  diet.  So  far 
as  digestion  is  concerned,  any  article  is  healthy  to  any  in- 
dividual whose  stomach  can  digest  it  without  difficulty.  An 
article'  may  be  perfectly  healthy  to  one,  and  unhealthy  (o 
another.  There  are  sometimes  wide  differences  in  this  re- 
spect, owing  to  unaccountable  peculiarities.  But  even  in  re- 
gard to  ordinary  differences,  the  question  as  to  the  propriety 
of  any  article  of  food  is  wholly  an  individual  question. 

623.  Our  food  should  he  varied  in  the  different  seasons 
of  the  year  to  a  greaterexteiit  than  is  commonly  done.  In 
the  warmer  seasons  it  needs  to  be  less  stimulating,  less  heat- 
producing  than  in  the  colder  seasons.  The  fruits,  each  in 
Its  season,  should  form  regularly  quite  a  large  proporUon 
of  our  food  in  the  wnrmer  months.  ]f  used  thus,  uid  not 
irregularly,  as  is  commonly  the  case,  they  will  tend  to  pre- 
vent, rather  than  induce,  the  complaints  peculiar  to  that 
portion  of  the  year. 

034.  The  state  of  the  mind  has  much  influence  on  the 
digestive  organs.  This  is  sometimes  strikingly  exhibited  in 
the  loss  of  appetite  on  the  sudden  reception  of  bad  news. 
It  is  also  seen  in  the  influence  of  continued  sorrow  upon  the 
appetite  and  the  digestion.  It  is  not  strange,  then,  that  one 
of  the  prominent  causes  of  dyspepsia  is  mental  disturbance 
or  depression.  And  a  cheerful  mind  is  very  properly 
deemed  to  be  essential  to  easy  and  thorough  digestion. 

025.  In  order  to  understand  fully  the  hygiene  uf  retpira- 
lion,  it  must  be  home  in  mind,  that  the  great  object  of  this 
function,  aa  stated  in  §  131,  is  to  bring  ue  air  into  all  the 
minute  air-nella  of  the  lungs,  that  it  may  change  the  blood 
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which  is  sent  there  for  this  purpose.  Anything,  then,  which 
interferes  with  the  free  introduction  of  the  air  into  these 
cells  is  a  palpable  violation  of  the  laws  of  health.  And  yet 
this  interference  is  so  commonly  practised,  that  it  is  one  of 
the  prominent  causes  of  disease. 

626.  This  interference  is  effected  in  two  ways.  It  is  done, 
first,  by  mechanical  compression  of  the  chest.  Although, 
as  I  have  shown  in  the  chapter  on  the  Respiration,  there 
are  special  pains  taken  by  the  framer  of  our  bodies  to  pro- 
vide, in  the  construction  of  the  chest,  for  the  free  introduc- 
tion of  air  into  the  lungs  under  all  circumstances,  this  is 
oflen  prevented  by  certain  prevalent  modes  of  dress,  it 
must  be  observed  that  in  the  arrangement  of  the  chest,  a 
free  motion  of  its  walls  in  the  expansion  of  the  lungs  is  con- 
templated.  The  dress,  therefore,  should  always  be  so  loose  as 
to  admit  of  this  free  motion.  If  it  is  not,  the  air  is  not  freely 
admitted  to  all  the  air-cells,  and  therefore  the  blood  is  not  as 
fully  changed,  as  nature  requires;  and  the  health  is  impaired 
Justin  proportion  to  the  degree  in  which  the  due  expansion 
of  the  chest  is  prevented.  I  have  said  so  much  on  the  rev 
suits  of  this  compression  of  the  chest  in  the  chapter  on 
respiration,  both  in  this  book  and  in  my  "  First  Book  on 
Physiology,"  that  I  will  only  say  here,  that  in  this  country 
it  is  one  of  the  most  prominent  causes  of  disease  among 
females.  It  not  only  produces  disease  in  the  lungs,  but,  by 
preventing  these  organs  from  effecting  fully  the  requisite 
change  in  the  blood,  it  impairs  the  quality  and  lessens  the 
quantity  of  this  building  material,  and  thus  diminishes  the 
nutrition  and  the  vigor  of  the  system,  and  therefore  renders 
it  liable  to  a  great  variety  of  diseases,  especially  those  of 
which  debility  is  a  prominent  characteristic. 

627.  The  free  introduction  of  pure  air  into  the  lungs  is  in- 
terfered with,  secondly,  by  cutting  off  its  supply.  As  you 
learned  in  the  chapter  on  respiration,  the  oxygen  of  the  air 
is  used  up  in  large  quantities  by  the  lungs,  and  the  carbonic 
acid  gas  thrown  off  takes  its  place.  If,  therefore,  there  be  not 
sufficient  provision  for  the  supply  of  fresh  relays  of  pure  air, 
a  mixture  of  air  and  carbonic  acid  gas  will  be  introduced 
into  the  lungs  at  every  breath,  so  that  there  will  not  be 
sufficient  oxygen  to  effect  thoroughly  the  change  in  the 
blood.  In  this  respect,  therefore,  the  result  is  the  same  as 
when  too  little  air  is  admitted  by  reason  of  compression  of 
the  chest    A  portion  of  the  requisite  quantity  of  pure  air 
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is  shut  out,  in  one  case  hy  dirainishmg  the  capacity  of  the 
chest,  and  in  the  other  by  having  the  lungs  in  part  occupied 
by  carbonic  add  gas, 

628.  The  influence  which  this  defective  aeration  of  the 
blood,  occasioned  by  these  two  causes,  exerts  upon  the 
health,  is  seldom  appreciated.  For  unless  the  deficiency  be 
very  great,  no  immediate  obvious  result  is  produced.  But 
though  the  deficiency  may  be  comparatively  small,  if  it  be 
continued  from  day  to  day  for  a  long  time,  the  aggregate 
result  of  this  steady  depressing  influence  is  a  serious  one. 
The  destruction  of  health  and  of  life  tbat  comes  from  tbia 
imperceptible  agency  In  every  community  is  vast  in  amount. 
But  most  persons  seem  to  bo  insensible  to  this  fact.  They 
need  a  narrative  of  such  a  destruction  of  life  as  occurred  in 
the  Black  Hole  et  Calcutta,  to  convince  them  that  a  consider- 
able quantity  of  fresh  air  is  required  by  every  pair  of  lungs. 
And  it  is  only  by  a  description  of  an  examination  af^ 
death  of  some  one  who  has  been  killed  outright  by  extreme 
compression  of  the  chest,  that  they  can  be  mode  sensible  of 
the  need  that  the  lungs  have  of  the  room  that  nature  has 
given  them.  And  even  then  the  impression  seems  to  be  a 
momentary  one.  If  all  the  injury  that  is  done  by  defective 
aeration  of  the  blood  could  be  visibly  traced  out,  we  should 
then  realize  the  necessity  of  having  just  as  many  of  the 
air-cells,  those  little  chemical  laboratories,  as  nature  de- 
signed, and  of  keeping  them  well  supplied  with  the  fresh  air 
which  they  require  for  the  life-giving  work  that  they  per- 

629.  The  hygiene  of  die  cireulaiion  need  not  detain  m 
long.  The  office  of  the  organs  of  the  circulation  is  to  drou- 
late  the  blood,  the  building  material,  everywhere.  They 
never  rest  from  their  work.  But  ihey  work. more  actively 
when  the  muscular  system  is  in  action  than  when  it  is  at 
rest.  As  one  lies  in  bed,  the  circulation  goes  on  steadily, 
but  quietly.  But  on  rising  and  moving  about,  the  circula- 
tion becomes  mure  active.  Not  only  does  the  heart  beat 
more  quickly,  but  the  capillaries  in  every  part  of  the  body 
increase  their  action.  And,,  as  more  blood  is  carried  to 
every  part,  there  is  more  done  everywhere.  We  see  this 
in  the  skin,  in  the  increase  of  the  perspiration' on  exercise. 
When  the  muscular  eflbrt  is  very  great,  the  excitement  of 
Ihe  circulaUon  is  violent  and  tumultuous.  The  hcnrt  beats 
(trongly  and  rapidly,  and   the   flushed   face  shows  how 
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active  is  the  circulation  in  its  extreme  vessels,  the   capil- 
laries. 

630.  The  occasional  excitement  by  active  exercise  is 
absolutely  essential  to  the  proper  development  of  the  body. 
It  may  sometimes,  indeed,  maintain  its  proper  bulk  in  a  con- 
tinued state  of  muscular  inaction  ;  but  its  textures  will  not 
have  the  requisite  strength  and  tone.  That  they  may  have 
these  qualities,  it  is  necessary  that  the  blood  be  often  pump- 
ed into  their  capillaries  with  the  force  that  is  given  to  the 
heart  by  active  exercise.  It  is  not  the  muscles  alone  that 
are  rendered  stronger  and  firmer  by  exercise,  but  the  same 
effect  is  produced  in  all  the  textures,  the  bones,  the  liga- 
ments, the  veins,  the  skin,  &c.  The  great  internal  organs 
of  the  body  are  firmer,  more  fit  to  perform  their  duty,  and 
less  liable  to  disease,  if  the  circulation  in  them  is  excited 
daily  by  this  means.  Active  exercise  makes  the  stomach 
digest  better,  the  lungs  perform  the  work  of  aerating  the 
blood  more  thoroughly,  and  the  brain  serve  the  mind  more 
easily  and  efTectually  ;  it  therefore  renders  one  less  liable  to 
dyspepsia,  to  consumption  and  other  diseases  of  the  lungs, 
and  to  apoplexy  and  other  diseases  of  the  brain  and  the  ner- 
vous system. 

631.  But  the  activity  of  the  circulation  may  be  made  so 
violent  by  exercise  as  to  do  some  damage.  Though  its  or- 
gans are  capable  of  bearing  much  in  this  respect,  there  is 
some  need  of  caution.  Harm  is  undoubtedly  often  done  in 
trials  of  strength  when  the  effort  is  both  violent  and  prolong- 
ed. Vigorous  action  answers  fully  the  purpose  of  developing 
power  and  firmness ;  but  violent  action  is  attended  with  spme 
hazard. 

632.  In  considering  the  hygiene  o^  formation  and  repair^ 
it  must  be  borne  in  mind  that  there  is  constant  change 
everywhere  in  the  system.  Particles  that  have  become 
useless  in  the  textures  are  continually  taken  up  and  carried 
away  in  the  veins  or  the  lymphatics,  and  other  particles  are 
put  in  their  places,  being  taken  for  this  purpose  from  the 
blood  in  the  capillaries.  This  change  is  going  on  during  all 
the  period  of  growth,  as  well  as  afterwards.  The  health 
and  vigor  of  the  textures,  and  therefbre  of  the  system  as  a 
whole,  are  dependent  upon  the  proper  performance  of  this 
constant  process  of  removal  and  fresh  supply. 

633.  ITiere  are  two  conditions  necessary  to  the  due  per- 
formance of  this  process.     Hh^.  first  is,  that  the  blood,  the 
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universal  material  for  building  and  repairing,  shall  be  of 
good  quality.  This  is  secured  when  the  digestive  process, 
which  iiimishes  the  blood,  is  well  performed,  and  the  lungs 
and  other  organs,  that  purify  the  blood  by  discharging  its 
refuse  matter,  are  in  good  condition.  The  second  condition 
is,  that  the  blood  shall  be  often  quickened  in  its  course 
through  the  organs  by  the  excitement  of  exercise.  This  I 
have  already  mentioned  in  speaking  of  the  hygiene  of  the  cir- 
culation. 

634.  The  necessity  of  having  the  waste  matter  that  is 
brought  back  from  all  parts  of  the  body  in  the  venous  blood, 
eflfectually  discharged  by  the  various  organs  designed  for 
this  purpose  (§178),  requires  a  particular  notice.  The  lungs, 
the  skin,  the  liver,  the  kidneys,  &c.-,  must  thoroughly  eva- 
cuate this  waste,  or  its  retention  will  impair  the  quality  of 
the  blood,  and  thus  interfere  with  the  proper  nutrition  of 
the  body,  or,  in  other  words,  with  the  process  of  formation 
and  repair.  And  the  retention  of  this  refuse  in  any  consid- 
erable amount  is  immediately  productive  of  disease. 

635.  The  lungs,  while  they  take  in  oxygen  from  the  air, 
discharge  carbonic  acid  gas,  that  part  of  the  waste  of  which 
it  is  their  duty  to  rid  the  system.  If  this  carbon  be  retain- 
ed, the  blood  is  impure  in  proportion  to  the  degree  of  reten- 
tion. 

636.  It  is  the  duty  of  the  skin  to  discharge  some  portion  - 
of  the  refuse  of  the  system  in  the  sensible  and  insensible 
perspiration  (§180).  The  skin  is  not  a  mere  covering  of 
the  body,  but  it  is  also  an  active  oi^n,  performing  very 
important  functions.  It  continually  discharges  through  its 
numberless  pores  a  large  quantity  of  matter.  Although 
this  matter  is  mostly  in  an  insensible  form,  if  from  inactivi- 
ty of  this  organ  it  fail  to  be  discharged,  its  retention  renders 
the  blood  impure,  and  so  does  injury  to  the  system.  At 
least  two  pounds  of  matter  are  discharged  from  the  skin  in 
twenty-four  hours.  This  being  the  case,  it  is  not  at  all  won- 
derful that  activity  of  this  organ  should  be  so  necessary  to 
health,  and  that  the  suspension  of  its  secretions  should  have 
so  much  influence  in  tbe  production  of  disease. 

637.  In  the  chapter  on  respiration,  you  learned  that  the 
heat  of  the  body  is  produced  by  the  change  that  takes  place 
in  the  blood  in  the  capillaries,  as  it  receives  the  waste  par- 
ticles, and  as  the  new  are  deposited  in  their  places.  'Ihis 
change  makes  a  real  combustion  in  every  capillary.     The 
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more  rapid  therefore  is  the  change  the  ^eat^r  is  the  com- 
bustion, and  of  course,  the  greater  is  the  heat  Hence  comes 
the  increased  heat  of  exercis.e.  Exercise  makes  more  wear 
and  tear,  and  so  disengages  in  the  waste  more  carbon  and 
hydrogen  to  unite  with  the  increased  amount  of  oxygen  that 
comes  in  the  quickly  flowing  blood  to  the  capillaries ;  and 
just  as  in  combustion  that  is  attended  with  flame,  the  great- 
er the  amount  of  fuel  the  greater  is  the  heat.  We  have  a 
familiar  example  of  the  production  of  heat  by  exciting  the 
circulation,  in  the  expedient  often  resorted  to  by  laborers 
for  warming  the  hands,  of  striking  them  with  a  swinging 
motion  upon  the  shoulders. 

638.  The  amount  of  heat  produced  in  the  body  depends 
also  on  the  quality  of  the  blood.  The  richer  it  is,  the  more 
oxygen  it  contains,  and  therefore,  the  brisker  is  the  fire  in 
the  capillaries,  and  the  greater  is  the  heat.  You  see  then  why 
it  is  that  those  who  have  a  good  state  of  the  blood,  and  ex- 
ercise much,  maintain  the  heat  of  the  system  better,  and  so 
need  less  clothing  than  those  whose  blood  is  weak,  and  who 
exercise  but  little. 

639.  The  heat  of  the  body  is  maintained  in  all  temperatures 
of  the  atmosphere  very  nearly  at  98°  Fahrenheit.  This  is, 
you  observe,  much  above  even  the  highest  temperature  that 
is  agreeable  to  us.  You  see  then  that  it  is  essential  to  the 
comfort  of  the  body  that  it  be  giving  off  heat  continually  to 
the  surrounding  atmosphere.  If  the  atmosphere  be  at  98^, 
the  same  temperature  with  the  body,  there  is  great  discom- 
fort, from  the  fact  that  the  heat  is  given  off  too  slowly.  It 
would  not  be  parted  with  at  all  if  the  skin  were  not  an  ac- 
tive oi^n.  It  is  by  the  evaporation  of  the  perspiration 
thrown  off  by  the  skin  that  the  extra  heat  is  got  rid  of  when 
the  air  is  so  hot.  The  temperature  in  which  the  body  is 
generally  most  comfortable  is  about  70*.  When  the  atmos- 
phere goes  below  this,  we  need  the  ordinary  expedients  to 
prevent  a  too  rapid  escape  of  the  heat  from  the  body.  The 
clothing  and  the  heated  air,  with  which  we  surround  our- 
selves to  guard  against  the  cold,  do  not  act  by  communica- 
ting heat  to  the  body,  but  simply  by  retarding  its  escape. 

640.  Cold  is  a  depressing  agent,  and  exerts  as  such  much 
influence  in  the  production  of  disease.  Statistics  show  this 
in  a  striking  manner.  The  statistics  of  London,  for  example, 
prove  that  the  mortality  of  a  severe  winter  is  much  greater 
than  that  of  a  mild  one.    And  this  difference  is  found  to  be 


HYGIXNB.  899 


Meaai  of  gnaxding  sgmiait  eold.    PrinoiplM  to  be  obMxred  ia  wdag  tlitm. 

chiefly  among  the  very  young  and  the  very  old,  because  in 
them  the  power  of  generating  heat  is  feebler  than  in  other 
classes.  The  greater  is  this  heat-producing  power  in  the 
system,  the  better  does  the  system  resist  the  depressing  in- 
fluence of  cold.  All  those  means,  therefore,  which  promote 
the  vigor  of  the  body,  are  the  best  of  the  safeguards  to  be  used 
against  this  productive  cause  of  disease  and  death.  But, 
besides  thus  fortifying  the  body  internally  against  this 
depressing  agent,  we  have  the  means  of  outer  defence  alluded 
to  in  §  639,  clothing  and  heated  air.  As  there  are  many 
errors  committed  in  using  these,  they  require  a  more  parti- 
cular notice. 

641.  Clothing  serves,  as  I  have  before  said,  to  shut  in 
partially  the  heat  which  is  generated  in  the  body.  Its 
amount  and  character  should  be  regulated  by  two  circum- 
stances— the  degree  of  the  cold,*  and  the  amount  of  heat-gen- 
erating power  in  the  system.  The  vigorous  require  less 
clothing  than  the  weak,  because  they  have  more  of  this  power; 
so,  also,  the  body  needs  less  clothing  when  it  is  in  exercise 
than  when  it  is  in  a  state  of  rest,  because  in  exercise  it  gene- 
rates more  heat.  And  the  same  principles  apply  to  heated 
air,  for  this  is  an  outer  covering  for  the  boay,  interposed 
between  it  and  the  cold,  like  clothing,  for  the  purpose  of 
preventing  the  too  rapid  escape  of  the  heat  generated 
within. 

642.  These  plain  principles  are  violated  in  various  ways. 
Many,  from  carelessness  or  from  mistaken  notions,  are  often 
unnecessarily  exposed  to  the  depressing  influence  of  cold. 
They  are  not  sufficiently  aware  of  the  necessity  of  guarding 
so  much  more  thoroughly  against  the  cold  when  at  rest  than 
when  exercising.     And  then,  on  the  other  hand,  they  add  to 
the  effect  by  having  too  muchjclothing  when  in  action,  or  when 
in  a  warm  place.     When  they  thus  suffer  first  from  too 
much  heat,  an  afler  exposure  to  cold   is  exceedingly  inju- 
rious.    The  weak  especially  sufler  from  exposure  to  cold 
when  the  body  is  at  rest,  and  therefore,  they  should  take 
special  pains  to  guard  themselves  against  this  depressing 
agent.  Any  attempt  on  their  part  to  harden  themselves,  as  it 
is  expressed,  by  making  use  of  as  little  clothing  as  the  vigor* 
ous  wear,  particularly  when  the  body  is  in  a  state  of  inaction, 
always  does  harm.     The  very  thin  coverings  so  oominonly 
seen  on  the  feet  of  delicate  females  are  palpably  inoonaiateBl 
with  this  rule  of  hygiene,  and  are  in  ridiculous  contrast  witk 
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the  stout  coverings  considered  necessary  for  the  feet  of 
vigorous  men.  Various  opinions  have  been  expressed  in 
regard  to  the  warming  of  houses,  so  much  in  vogue  at  the 
present  day.  On  the  principles  developed  above,  this  ex- 
pedient ^r  comfort  is  favorable  to  health  if  it  be  judiciously- 
managed,  for  when  the  body  is  at  rest,  as  it  commonly  is  In- 
doors, an  exposure  to  cold  is  depressing,  that  is  debilitating 
U)  the  vital  powers.  Many  other  points  might  be  noticed 
in  the  application  of  the  general  principles  mentioned,  but 
these  will  suffice. 

643.  The  depressing  influence  of  cold  sometime-s  produces 
a  marked  immediate  effect.  But  this  is  not  generally  the 
case.  Commonly  no  harm  is  apparently  done  at  the  time, 
and  so  little  is  thought  of  it.  But  if  this  influence  be  con- 
tinued day  afler  day,  its  effects  accumulate  and  become  estab- 
lished. The  vigor  of  the  system  is  more  or  less  destroyed, 
and  some  local  disease  may  make  its  nppearance.  The 
debilitating  influence  of  cold  is  in  this  way  a  fruitful  cause 
of  disease,  not  only  in  the  abodes  of  poverty,  but  even 
among  those  who  have  ample  means  of  guarding  against  it. 

044.  Although  cold  is  generally  a  depressing  agent,  it  is 
often  indirectly  a  stimulating  one.  It  is  so  when,  in  conse- 
quence of  its  impression  upon  the  skin,  it  excites  what  is 
termed  a  reaction.  Several  circumstances  are  necessary  to 
this  result.  1.  There  must  be  the  power  of  reaction  in  the 
system.  There  may  be  so  much  debility  that  reaction  can- 
not be  awakened.  2.  If  the  system  be  in  a  state  of  rest,  the 
applicatioi^  of  cold  must  be  temporary.  A  continuous 
application  of  it  would  be  depressing,  and  would  forbid  reac- 
tion. 3.  In  an  acUve  state  of  the  body,  reaction  may  be  pro- 
duced even  when  the  application  is  continuous.  Thus  the 
mere  exercise  of  dressing  may  suffice  to  awaken  reaction  in 
a  degree  of  temperature  which  would  chill  one  through  if  he 
were  sitting  still. 

645.  The  system  may  be  accustomed  to  react  under  the 
impression  of  cold  in  two  ways.  1.  By  exercise  in  the 
open  air  in  cold  weather.  Those  who  have  but  little  out- 
door exercise  in  cold  weather,  have  but  little  power  of  re- 
action, and  therefore  feel  the  depressing  influence  of  the  cold 
whenever  they  are  exposed  to  it.  2.  By  a  judicious  use 
of  cold  bathing.  The  object  of  cold  bathing,  aside  from 
purposes  of  cleanliness,  is  to  accustom  the  system  to  react 
under  the  influence  of  cold.     It  is  only  when  reaction  ooours 


under  its  use  that  it  does  good.  It  does  powtive  hum  wfam 
reaction  does  not  occur;  and  the  harm  done  in  this  w»y 
day  after  day;  by  depressing  the  vital  powers,  is  aometimea 
at  length  ruinoua  to  the  health. 

640.  There  ia  a  want  of  proper  discrimination  in  many 
writers  on  hygiene  in  regard  to  cold  bathing.  It  is  a  mis- 
tnken  nltraism  to  say,  as  is  often  said,  that  the  preserva- 
tion of  health  requires  that  the  whole  body  should  be  bathed 
every  day  in  cold  water.  Neither  cleanliness  nor  the  other 
purpose  that  I  have  mentioned  ordinarily  requires  so  frequent 
and  thorough  bathing  as  this.  The  water  may  be  applied 
to  only  a  part  of  the  body  nt  n  time,  and  yet  accomplish  all 
that  we  wish.  Indeed,  some  persons  of  delicate  constitution 
cannot  bathe  the  whole  surface  at  once  with  cold  water. 
They  may  at  first  be  able  Co  apply  it  to  only  a  small  part  of 
the  body.  But  they  may,  with  the  aid  of  friction,  after  a 
while  come  to  apply  it  over  a  considerable  portion  of  the 
surface,  or  perhaps  over  the  whole.  In  some  persons  this 
extension  of  the  limits  of  the  bathing  from  day  to  day  must 
be  done  very  cautiously  ;  and  there  is  occasionally  one  th>t 
cannot  bear  it  at  all  over  any  considerable  extent  of  surfa«(. 
It  is  necessary  for  some,  in  accustoming  themselves  to  cold 
bathing,  to  begin  with  using  tepid  water,  making  it  from 
day  to  day  a  little  colder. 

647.  The  best  time  for  cold  bathing  is  commonly  in  the 
latter  pnrt  of  the  forenoon,  for  the  system  is  then  in  its 
most  vigorous  state,  and  ia  therefore  best  prepared  to  re- 
act. But  in  most  persons  reaction  can  be  secured  at  the 
hour  of  rising,  and  this  is  the  most  convenient  time  for 
bathing.  Few  can  use  the  cold  bath  with  profit  in  the  latter 
part  of  the  day,  for  the  powers  of  the  system  are  then  more 
or  less  exhausted,  and  full  reaction  is  not  easy.  The  sooth- 
ing influence  of  the  warm  bath  is  appropriate  at  that  time. 
There  are  many  other  points  in  regard  to  bathing  that  might 
be  noticed,  but  my  limits  will  not  permit  it. 

648.  Thus  liw  1  have  spoken  mostly  of  the  hygiene  of  the 
body  as  a  structure.  But  digestion,  the  circuTation,  &c,  ere 
engaged  in  constructing  and  repairing  organs  for  the  lise  of 
the  mind.  In  this  use,  ihcre  is  wear  and  tear,  and  hence  is 
the  necessity  of  seasons  of  rest,  that  the  needed  daily  repair 
of  the  organs  may  be  effectually  done.  The  mind  uses  the 
musoles  and  bones  for  motion,  the  various  organs  of  the 
senses  in  gaining  a  knowledge  of  the  world  around,  and  the 
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brain  in  thinking,  willing  and  designing.  Any  of  these 
organs  may  be  overworked,  and  after  a  certain  amount  of' 
work  has  been  done,  there  needs  to  be  an  interval  of  rest 
for  repair.  The  repair  is  going  on  continually,  while  the 
organs  are  at  work  ;  but  it  cannot  be  done  thoroughly  with- 
out these  intervals  of  rest.  Most  of  the  repairing  is  done 
in  these  periods.  This  simple  statement  suggests  the  prin- 
ciples of  hygiene  in  regard  to  the  uses  which  the  mind 
makes  of  the  organs  of  the  body.  These  I  propose  now  to 
develop  briefly  in  regard  to  the  muscles,  the  senses,  and 
lastly  the  brain. 

649.  There  is  a  certain  amount  of  muscular  exercise 
which  is  essential  to  firm  health.  While  no  one  can  fall 
below  this  amount  without  impairing  the  healthy  vigor,  the 
laborer  goes  much  beyond  it  without  injury.  There  is  a 
wide  range,  therefore,  in  the  amounts  of  muscular  exertion 
that  are  consistent  with  health. 

650.  The  exercise  of  the  muscles  is  necessary  to  their  full 
development.  When  a  limb  fails  to  be  used,  as  for  exam- 
ple in  palsy,  the  muscles  become  small  and  lose  their  firmness. 
\yhen,  on  the  other  hand,  the  muscles  of  any  part  of  the 
body  are  much  used,  they  become  more  developed  ihan  the 
other  muscles.  For  example,  the  labor  of  the  blacksmith 
develops  the  muscles  of  his  arms  largely.  The  same  thing 
is  true  of  the  muscles  of  the  leg  in  the  rope-dancer.  It  is 
only  a  general  exercise  of  all  the  muscles  of  the  body  that 
develops  them  in  all  parts  of  the  frame  in  their  due  propor- 
tion. 

651.  But  muscular  exercise  is  also  necessary  to  the  pro- 

rT  development  of  the  other  textures  as  well  as  the  muscles, 
have  already  remarked  upon  this  in  another  connection 
(§  630),  and  shall  not  dwell  upon  it  here.  There  is,  however, 
one  illustration  of  this  influence  of  exercise  which  deserves  a 
particular  notice.  1  refer  to  its  influence  in  preventing  de- 
formity. In  the  universal  vigor  and  firmness  of  the  textures 
which  free  exercise  tends  to  produce,  there  is  ordinarily  a 
precise  equality  between  the  two  halves  of  the  body  :  the 
muscles  on  the  two  sides  act  with  equal  power ;  the  spinal 
column,  the  grand  pillar  of  the  trunk,  is  held  between  the 
muscles  that  bind  its  twenty -four  bones  together  with  great 
exactness,  and  there  is  a  beautiful  symmetry  in  the  whole 
frame.  But  when,  from  lack  of  exercise,  there  is  want  of 
firmness  in  the  textures,  this  symmetry  is  apt  to  be  lost 
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during  the  development  of  the  fmnie,  and  the  spinal  column 
is  espet^islly  apt  W  become  deformed. 

65'i.  There  are  two  immediate  causes  of  this  deformity, 
viz. ; — irregular  ipuscuJar  action,  and  irregular  pressure. 
Weakened  musclea  are  prone  to  act  irregularly  ;  and  struo- 
turcs  that  have  lost  their  firmness,  readily  yield  to  any 
pressure  that  is  laid  upon  them.  When  there  is  firmness  of 
texture,  irregularities  of  pressure  are  not  apt  to  produce  de- 
formity, because  tha  elasticity  prevents  the  peimanent  in- 
Huence  of  such  pressure.  The  moment  the  pressure  ceases, 
the  elasticity  of  the  part  restores  it  to  its  usual  shape.  The  . 
lirsi  reguliir  action  of  the  muscles  a)so  tends  to  the  some 
result.  Thus,  in  the  case  of  the  spinal  column,  if  the 
posture  of  the  body  be  such  that  it  is  bent  over  to  one  aido 
for  some  time,  the  moment  that  the  posture  is  altered,  the 
elastic  cardites  resume  their  usual  shape  which  has  beea 
temporarily  changed  by  the  unusual  pressure,  and  the  mus- 
cles also  that  lie  along  this  pillar  of  bones  bring  them  at 
once  to  their  right  position.  But  if  the'cartilages  have  lost 
in  s0me  measure  their  elasticity  and  the  muscles  are  weak, 
this  righting  up  of  the  spinal  column  is  not  fully  accomplish- 
ed ;  and  a  succes^tion  of  alight  failures  in  this  respect  will 
after  awhile,  produce  a  permanent  deformity  in  the  direction 
of  the  most  commonly  assumed  posture. 

653.  You  can  see  all  this  exemplified  if  you  observe  the 
difference  between  males  and  females  in  regard  to  deformity 
of  the  spine.  This  deformity  is  exceedingly  common  among 
girls,  while  it  is  rare  among  iads.  The  simple  reason  is,  that 
lade  have  the  invigorating  influence  of  free  out-door  exercise. 
Too  much  influence  is  attributed  to  posture  in  producing  this 
deformity.  Posture  is  oflen  spoken  of  as  being  the  chief 
cause  of  it,  and  this  view  of  the  subject  is  illustrated  exten- 
sively with  cuts,  showing  how  the  deformity  is  occasioned.  If 
this  were  the  correct  view,  there  should  be  much  less  deform- 
ity among  girls  than  among  boys  in  our  schools,  for  the  form- 
er sit  in  a  crooked  posture  much  less  than  the  latter  do. 
So  fur  as  postuie  does  have  an  influence,  it  is  quite  etear  that 
the  prim,  flxed  posture  enjoined  upon  the  girl  has  a  tendency 
to  produce  deformity,  by  adding  to  one  of  the  causes  from 
which  it  proceeds,  viz.,  the  weakness  of  the  muscles.  A  fixed 
uniform  posture  wearies  the  muscles,  but  variations  of  posture 
relieve  them,  and  so  prevent  an  exhaustion  of  their  power. 

654,  lliemuactesof  the  back  in  the  female  are  not  only 
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weakened  in  common  with  the  other  muscles  by  a  want  of 
stirring  out-door  exercise,  but  there  is  a  special  cause  of 
weakness  in  their  case.  The  tight  dress  of  the  girl  prevents 
these  muscles  from  having  that  free  action  which  the  loose 
dress  of  the  boy  permits.  You  can  see  this  in  the  difierenoe 
of  movement  in  the  two  cases.  In  the  boy,  the  spine  is  bent 
and  twisted  in  all  directions  freely  ;  but  in  the  girl,  both 
custom  and  the  stiff  tightness  of  the  dress  require  a  move- 
ment almost  as  if  the  spine  were  a  single  bone,  instead  of 
being  made  up  of  twenty -four  bones.  The  muscles  in  her 
back,  therefore,  lose  their  power  and  fulness  just  as  the  un- 
used muscles  of  a  palsied  limb  do.  -     • 

655.  Variety  should  be  aimed  at  in  the  action  of  the  mus- 
cles. A  continuous  action  of  any  set  of  muscles  is  weari- 
some and  painful.  This  is  well  exemplified  in  the  punish- 
ment once  much  in  vogue  in  schools,  of  making  the  of- 
fender  hold  a  book  out  at  arm's  length  for  some  time.  In 
the  management  of  the  muscles  of  the  voice,  the  weariness 
caused  by  continued  sameness  of  action  is  oflen  experienced. 
The  monotonous  speaker  or  reader  tires  out  these  muMes 
much  sooner  than  one  who  has  great  variety  in  his  tones. 
For  remarks  on  this  and  some  other  kindred  points,  I  refer 
you  to  §§  382  and  383. 

656.  A  general  exercise  of  all  the  muscles  is  essential 
both  to  symmetrical  muscular  development,  and  to  the  full 
attainment  of  the  invigorating  effects  of  exercise.  Gymnas- 
tics and  calisthenics,  so  called,  are  considered  to  bej)articu- 
larly  beneficial  in  this  respect.  This  is  true  of  them ;  and 
yet  they  are  no  better  than  any  other  exercises  that  are  so 
varied  as  to  bring  the  muscles  generally  into  action.  The 
varied  exercises  of  walking,  running,  leaping,  riding  on  horse- 
back, dancing,  and  active  sports,  are  quite  as  good.  And  so 
also  are  the  varied  labors  of  the  garden,  if  they  be  pursued 
with  interest  and  pleasure.  There  is  no  especial  benefit 
in  the  extreme  variety  of  exercise  sometimes  aimed  at  in 
gymnastics.  Variety  that  is  sufficient  to  bring  into  general 
action  the  muscles  of  the  body  is  all  that  is  requisite. 

657.  Gymnastics  and  calisthenics  should  always  be  con- 
sidered as  subsidiary  to  the  common  exercises  that  I  have 
mentioned,  and  should  never  be  permitted  to  exclude  them. 
When  they  are  made  to  do  this,  a  temporary  benefit  is  reap- 
ed at  the  expense  of  a  permanent  injury.  For  after  the 
novelty  of  the  round  of  exercises  has  passed  away,  they 
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are  given  up,  and  the  common  and  now  despised  e 
are  not  apt  to  be  resumed.  Habits  of  inaction,  therefore,  ore 
oflea  oonfirmed,  instead  of  being  removed,  by  a  systematic 
course  of  exercises  under  the  high-sounding  names  of  gym 
nasties  and  calisthenics. 

658.  It  is  necessary  that  some  of  the  exercise  taken  should 
be  such  as  to  excite  strongly  the  circulation.  This  1  have 
already  remarked  upon.  Exercise  should  also  be  taken 
dally.  It  should  be  habitual,  and  not  occasional.  The  habits 
of  the  English  are  much  better  than  those  of  the  Americans 
in  this  respect.  It  is  no  uncommon  thing  for  Englisb  ladiea 
to  walk  oJf  on  excursions  of  such  length,  that  Amertoan 
ladies  could  not  possibly  accompany  them  unless  they  rode. 

659.  But  there  may  be  too  much  exercise.  The  toil  of 
the  laborer  may  be  so  severe  and  long  continued,  that  the 
reparative  process  in  the  intervals  of  rest  is  not  competent 
to  effect  a  full  repair  of  the  muscles.  A  gradual  exhaustion 
of  their  poiver'therefore  results.  Much  harm  is  thus  often 
done  by  severe  unremitting  toil.  Especially  is  this  the 
case  when  the  excess  of  toil. is  exacted  during  the  period  of 
growth,  as  it  often  is  among  the  laboring  poor, 

660.  It  is  necessary  that  exercise  should  be  agreeable  id 
order  to  produce  its  best  effect  on  the  system,  on  account  of 
the  genial  e.xcitement  which  then  acoonipanies  it.  For  tbia 
reaaon  exerci^a  should  commonly  not  be  solitary,  and  there 
should,  if  posaible,  be  some  object  connected  with  it.  If  the 
observation  of  nature  were  made  from  the  beginning  of  edu- 
cation as  pi'omineut  as  I  claim  in  my  Preface  that  it  should 
be,  there  would  be  no  lack  of  objects  in  the  rambles  in 
field  and  forest  taken  both  for  health  and  the  pursuit  of 
science. 

tidl.  What  has  been  said  of  the  muscles  may  be  substan- 
tially said  of  the  organs  of  the  senses.  They  require  inter- 
vals of  rest  for  thorough  repair.  And  they  may  be  so  over- 
worked that  complete  reparation  may  be  impossible,  and'su 
their  power  may  be  gradually  exhausted.  The  ofGce  of  the 
senses  is  to  receive  impressions  from  things  around.  What- 
ever gives  an  impression  to  any  oi^an  of  sense  may  be  re- 
garded OS  a  stimulus  to  it.  If  the  stimulus  be  too  great 
or  too  long  continued,  injury  is  done.  This  is  very  obvious 
in  regard  to  the  eyes.  They  are  often  injured'  by  too  much 
light.  A  word  of  caution  is  needed  in  regard  to  the  produc- 
tion of  near-sightedness,'  This  is  often  caus^  in  students 
and  others  by  holding  objects  too  near  the  eyes. 
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662.  I  come  now  to  the  hygiene  of  the  brcUn.  This  is  the 
great  central  organ  or  instrument  of  the  mind,  by  which  it, 
receives  the  impressions  made  upon  the  senses,  compares 
and  arranges  the  knowledge  thus  gathered,  and  originates 
those  impressions  that  are  made  by  it  upon  the  world 
around  through  the  action  of  muscles.  It  is  a  very  com- 
pound instrument.  It  needs,  like  the  muscles,  seasons  of 
rest  for  the  full  repair  of  the  wear  and  tear  occasioned  in  its 
daily  use.  It  may  be  overworked,  and  then  the  repair  will 
not  be  complete,  and  gradual  exhaustion  of  its  powers  will 
result,  occasioning  disease  in  some  form.  A  significant  illus- 
tration of  the  importance  of  seasons  of  rest  for  repair  in  the 
case  of  the  brain  is  furnished  in  the  fact,  that  insanity  is  not 
apt  to  result  from  mental  disturbance,  unless  the  subject  of 
it  fail  to  have  his  regular  sleep.  If  he  sleeps  well,  the  work 
of  repair  is  so  well  done  in  the  brain  in  its  nightly  seasons 
of  rest,  that  the  disease,  which  might  otherwise  occur,  is 
prevented. 

663.  With  proper  intervals  of  rest,  the  mind  can  perform 
a  large  amount  of  labor  without  injury  to  the  brain  and  ner- 
vous system,  if  there  be  no  undue  excitement,  and  no  wor- 
rying and  depressing  anxiety.  This  is  shown  in  the  length 
of  life  that  so  often  accompanies  the  quiet  but  laborious 
pursuits  of  science.  While,  on  the  other  hand,  the  excite- 
ment and  anxiety  of  a  life  of  business,  especially  as  it  is 
ordinarily  pursued  in  this  country,  it  is  well  known,  is  not 
fiivorable  to  longevity. 

664.  It  is  especially  important  that  the  brain  should  not 
be  overworked  during  the  period  of  its  growth.  The  reason 
is  the  same  as  that  which  we  have  for  the  caution,  so  univer- 
sally observed,  in  regard  to  putting  too  much  labor  upon 
the  muscles  of  a  young  horse.  And  yet  there  is  buoyant 
activity  in  the  child,  which  is  disposed  to  show  itself  in  the 
operations  of  the  brain  as  readily  as  in  the  action  of  the 
muscles.  If  this  activity  be  turned  into  proper  channels, 
and  be  not  too  much  stimulated,  no  injury  will  be  done  to 
the  delicate  textures  of  the  brain. 

665.  Although  much  is  said  of  the  danger  of  over-stimu- 
lating the  brain  of  ihe  child,  the  difficulty  does  not  so  much 
lie  here,  as  in  the  manner  in  which  the  mind  is  led  to  act. 
There  is  commonly  too  much  of  mere  drudgery,  and  of 
storing  the  mind  with  unintelligible,  and  therefore  uninter- 
esting matters.     The  mind,  accordingly,  is  dissatisfied  and 
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wearied.  The  tedium  of  the  labor  exhausts,  and  so  the 
Jbrain  is  essentially  impaired.  When  early  education  shall 
become  in  all  respects  what  it  ought  to  be,  greater  real  ac- 
quisitions will  be  made  than  we  witness  now,  without  any 
injury  to  the  growing  brain. 

666.  It  is  well  known  that  undue  mental  excitement  and 
the  depression  of  anxiety  are  together  apt  to  produce  insanity. 
Though  they  generally  stop  short  of  this  result,  they  always 
injure  the  health  and  shorten  life.  A  firm  and  cheerful  mind 
is  favorable  to  longevity,  but  the  anxious  and  fretting  are 
seldom,  if  ever,  long-lived. 

667.  As  the  passions  must  have  much  influence  upon  the 
action  of  the  mind,  and  therefore  upon  the  state  of  the  brain 
and  nervous  system,  the  proper  regulation  of  them  is  essen- 
tial to  health  and  longevity.  Much  of  the  positive  disease 
of  the  brain,  and  of  the  general  nervous  derangement  so 
common  among  the  educated  and  refined,  comes  from  the 
bad  management  of  the  passions.  1  cannot  dwell  upon  this 
point,  but  remark,  in  passing,  that  the  fictitious  literature 
of  the  present  day  exerts  a  considerable^  influence  in  this 
way. 

668.  There  are  certain  articles  in  common  use  in  the 
community,  which  produce  so  deleterious  ah  influence  upon 
the  system,  that  they  demand  a  more  extended  notice  than  1 
can  give  them  in  this  chapter.  I  refer  to  alcohol  and 
tobacco.  They  act  chiefly  upon  the  brain  and  nervous 
system,  the  former  as  a  stimulant,  and  the  latter  as  a  seda- 
tive. The  use  of  opium  is  so  limited  compared  with  these 
that  I  shall  not  dwell  upon  it,  especially  as  it  is  never  de- 
fended. 

669.  No  fact  is  more  thoroughly  demonstrated  than  that 
the  system  has  no  need  of  alcoholic  slimulants  while  it  is  in 
a  state  of  health.  So  far  then  as  we  look  at  mere  necessity, 
these  articles  are  to  be  considered  simply  as  medicines,  re- 
quired only  in  diseased  conditions.  But  it  is  said  by  some 
that  they  can  be  used  in  small  quantities  without  injury  to 
health.  This  cannot  be  claimed  with  any  shadow  of  reason, 
unless  in  relation  to  very  small  quantities.  Entire  absti- 
nence is  at  least  safe,  and  there  are  so  many  other  things 
supplied  by  a  bounteous  Providence  to  gratify  the  taste  and 
the  appetite,  that  we  can  easily  forego  the  use  of  alcoholic 
stimulants;  and  we  ought  to  be  willing  t#  do  so,  if  the  good 
of  others  require  it.     The  common  use  of  these  articles  as 
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676.  It  is  true  that  there  are  some  other  causes  of  dii 
of  which  we  know  but  little,  and  over  which  we  have  little  or 
no  control.  Such  are  the  causes  of  various  contagious  and 
epidemic  diseases.  But  these  really  produce  a  ipuch  less 
amount  of  disease  than  the  causes  which  I  have  mentioned. 
Their  action  is  occasional,  and  confined  to  localities;  not 
continual,  and  in  all  places.  And  besides,  they  may  to  a 
great  extent  be  shorn  of  their  power,  by  guarding  against 
those  causes  of  disease  which  are  more  or  less  under  our 
control.  It  is  those  who  neglect  to  do  this  that  commonly 
become  most  readily  the^  victims  of  contagions  and  epide- 
mics. 

677.  There  is  much  interest  in  the  community  in  regard 
to  the  cure  of  disease,  but  there  is  a  blind  indifference  to  its 
prevention.  And  yet  vasUy  more  can  be  done  in  the  diminu- 
tion of  disease  by  preventive  than  by  curative  mewsures.  The 
ravages  of  consumption,  for  example,  can  undoubtedly  be 
greatly  lessened  by  preventing  the  operation  of  its  principal 
causes ;  and  yet  what  is  said  about  these  causes  is  little 
heeded,  and  the  public  attention  is  engrossed  with  the 
delusions  of  consumption-curers.  It  is  emphatically  true 
of  this  malady,  that  multitudes  more  can  be  saved  by 
preventive  measures  than  by  curative  ones.  Against  no 
disease  can  hygiene  achieve  greater  victories  than  this. 
The  neglect  io  use  preventive  measures  against  this  and 
other  diseases  arises  chiefly  from  an  ignorance  of  the  prin- 
ciples on  which  these  measures  are  based.  The  prevalent 
indiiference,  therefore,  on  this  subject  can  never  be  fully  re- 
moved, till  the  general  introduction  of  Physiology  as  a  study 
into  our  schools  shall  make  these  principles  familiar  to  the 
mass  of  the  community. 
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DIRECTIONS  TO  TEACHERS  FOR  THE  USE  OF  THE  BOOK. 

AND  QUESTIONS. 


In  order  to  be  able  to  teach  from  this  book  properly,  the  tieacher  should 
himaelf  study  all  of  it  thoroughly  before  he  begins  his  instruction.  If 
he  merely  keep  a  little  in  advance  of  his  class,  he  will  fail  in  his  concep- 
tions of  the  general  scope  and  plan  of  the  book.  If  the  interest  of  the 
subject  awaken  in  him  and  in  his  pupils  a  spirit  of  inquiry,  there  will 
be  a  continual  looking  forward  to  points  which  are  explained  and  illus- 
trated further  on  in  the  book.  Now  if  the  teacher  has  made  himself 
master  of  all  the  subjects  treated  of^  instead  Of  turning  off  the  inquiiy 
of  a  scholar  without  an  answer,  or  even  the  promise  of  an  answer  in  the 
future,  or  endeavoring  to  clear  up  the  points  about  which  inquiry  is 
made,  which  of  course  he  can  do,  under  the  circumstances,  in  an  imper- 
fect manner  at  the  best,  he  can  satisfj^  the  scholar  by  informing  him  that 
these  points  will  be  found  explained  in  their  proper  place  at  a  future 
sta^e  of  the  investijg^ation.  I  have  aimed  to  have  every  topic  treated  of 
in  its  right  place  in  the  development  of  the  eeneral  subject,  and  the 
teacher  snould  be  thoroughly  master  of  the  whole  book  at  the  outset,  in 
order  that  he  may  fully  carry  out  my  plan  in  the  mode  of  developing  the 
topics  to  the  minds  of  his  jpupils. 

It  must  be  obvious  to  any  teacher  that  he  can  teach  the  minutie  of 
the  subject  with  more  of  interest,  to  say  nothing  of  thoroughness,  i^ 
while  doing  it,  he  takes  in  the  general  views  presented,  and  h^  in  mind 
the  relations  of  the  particular  topics  in  hand  to  other  branches  of  the 
subject.  Indeed  it  will  be  profitable  occasionally  for  the  teacher  to 
afford  the  scholar  some  glimpses  of  the  interesting  fields  to  be  explored 
further  on,  taking  care,  however,  not  to  anticipate  so  much,  as  to  mar  the 
natural  method  and  order  of  developing  the  whole  subject,  which  I  have 
taken  such  especial  care  to  observe  in  the  preparation  of  the  work. 

The  teacher  should  read  the  book  through  th  course.  If,  instead  of 
doii%  this,  he  opens  to  some  chapter  in  the  middle  or  latter  part  of  the 
book,  he  may  get  the  impression  that  too  high  matters  are  treated  of, 
snd  that  the  minds  of  his  pupils  are  not  competent  to  understand  them. 
They  cannot  be  understood  unless  there  be  a  preparation  of  mind  for 
tfiem ;  and  just  this  preparation  is  aimed  at  m  the  first  part  of  the 
book.    And  besides,  it  is  quite  important  that  the  subjects  treated  of 
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137.  What  oompariMD  is  made  between 
Compare  the  exhibitioo  of  the  Creator^s  power  in  the  miwtr 
large  operations  of  nature.     What  eompanaon  can  joa 
the  beaoty  of  natore  aa  seen  bj  the  naked  eye,  and  it 
iwealed  hf  the  nucfoeoopel 

CHAPTER  X. 

139.  How  tu  are  the  fimctions  of  nutrition  afike 
plants  1  How  has  the  micfoecope  shown  fixmation  to  be  fawnriiltj  die 
sameinboth?  Throogh  what  system  are  the  nses  lor  which  the  bodj 
is  coDstmcted  secured ! 

140.  Wlij  are  the  fimctiontf  that  are  peifiwmed  thioas|fa  the  nertoiis 
ijstem,  called  functions  of  animal  life  1     Whj  are  thcj  abo  called  fime- 
tions  of  rdation  f     Through  what  intermediate  instruments  does  this 
system  perform  its  functions  !     How  does  this  system  Tary  in  eon^ 
cation  in  difierent  animals ! 

141.  How  much  is  learned  through  the  ncrres  and  their  snbordfaiata 
organs,  the  orvans  of  the  senses  1  Mention  the  subjects  to  be  treated 
0f  in  this  third  part  of  the  book.  What  are  the  three  parts  into  which 
the  nerrous  system  maj  be  divided  1 

142.  What  three  thmgs  are  necessary  to  sensation !  IDastrate  ihm 
necessity  of  each.  What  three  thines  are  necessary  to  Tofamtajty  mo- 
tion 1  Describe  the  arrangement  of  &e  parts  of  the  nerrous  system  as 
represented  in  Fig.  72. 

144.  Describe  the  arrangement  and  structure  of  the  brain  as  repre- 
sented in  Fig.  73. 

145.  What  part  of  the  nerrous  system  is  most  immediately  essential 
to  the  continuance  of  life  1  And  why  ?  Illustrate  by  &cts.  What  are 
the  convolutions  of  the  brain  1  Describe  the  membranes  of  the  brair^^ 
the  pia  mater — the  dura  tfuUer — the  arachnoid. 

146.  What  is  the  consistence  of  the  brain  1  What  is  the  arrange- 
ment of  the  gray  and  the  white  substance  ? 

147.  Does  the  arrangement  of  the  convolutions  favor  the  idea  of  the 
phrenologist  1  Of  what  is  the  white  substance  of  the  brain  composed  1 
What  function  is  performed  by  it  1  What  tubuli  transmit  impressions 
from  the  brain !  What  transmit  to  it  1  What  is  said  of  the  size  of  the 
tubuli  1 

148.  What  is  the  function  of  the  gray  substance  1  In  proportion  to 
what  does  its  amount  vary  in  different  Rnimala  t  ig  there  gray  matter 
at  the  extremities  of  the  nerves  1 

149.  With  what  are  the  cells  in  the  gray  sub^noe  mingled  1  What 
is  said  of  the  necessity  of  a  supply  of  arterial  blood  to  this  substance  1 
How  does  the  arrangement  of  the  gray  and  the  white  substance  differ 
in  the  brain,  in  the  spinal  marrow,  and  in  the  ganglions  1  What  are 
ganglions  ?     What  are  plexuses  1 

150.  Why  is  the  my  matter  so  largely  supplied  with  blood  1  Wliat 
has  the  microscope  shown  in  regard  to  the  changes  going  on  in  this  sub- 
stance 1  What  IS  said  of  the  manner  in  which  the  nerves  terminate  in 
the  organs  of  the  body  ? 

151.  Where  are  the  Pacinian  corpuscles  mostly  found!  Describe 
their  structure.     What  do  we  know  of  their  use  ? 
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be  trained  in  Ihia  eiercin  in  nich  a  way,  that  he  will  acquire  the  pawn 
of  giving  well-proportioned  and  nipll-^iTanged  deacriptionB,  without  the 
ud  of  prompting  bj  minutfl  queationa  from  thfl  teacher. 

It  will  be  proper  lo  aa;  lomething  of  the  lus  which  should  be  made 
of  the  queationi  that  1  have  prepared,  I  have  two  reaaone  for  not 
plscb^  tlirm  at  the  foot  of  the  page.  One  reason  it,  th^  the  book 
u  deaigned  tor  gencial  reading  aa  welt  aa  for  inatmction-  But  the 
chief  reason  ii.  thai  1  wiah  to  prevent  a  too  free  nie  of  questions  on  the 
part  hoth  of  teacher  and  acholar.  The  marking  with  the  pencil  of  parta 
which  contain  the  aruweri  to  the  queationH,  so  often  done  in  our 
schools,  should  never  be  pemiitted  by  the  teacher,  for  reasons  that  I 
need  not  stop  to  notice. 

The  scholar  should  read  the  text  at  Gist  without  reference  to  the 
questions  ;  and  then  the  questiona  can  be  made  uae  of,  perhass  with 
proGI,  lo  fii  definitely  in  the  mind  the  principal  point*  that  are  brought 
out.  It  will  be  a  useful  eiercise  for  the  acholar,  after  reading  a  page  or 
two,  to  think  over  ttie  main  points,  and  then  see  b;  the  aid  of  tin  quea- 
tions  whether  an;  important  point  has  escaped  his  recoliection,  or  fiuled 
to  make  the  proper  impression  on  hie  mind. 

The  questions  that  1  have  constructed  will,  I  think,  be  found  to  be 
fitted  to  the  great  majority  of  scholara.     But  of  course  the  teacher  will 
vary  them  to  suit  the  diiTerent  capacities  and  menial  altitudes  whielt  be 
•  Gnda  in  his  class. 

It  is  best  not  to  have  an  uniform  mode  of  asking  questionB,  even  with 
the  same  scholar  Variety  shooM  be  given  to  the  mode  of  hearing  the 
recitation,  Somelimes  the  questions  ^ould  be  minute,  and  at  other 
limes  the  mind  of  the  scholar  shouM  be  left  lo  go  on  with  as  little  lead- 
ine  as  possible. 

The  scholar  should  be  encouraged  occaaionally  to  give  the  substance 
of  a  whole  paragraph,  or  even  of  more  than  this.  In  doing  so,  anj 
feilnie  in  arrangement  or  proportion  can  be  noticed  by  the  teacher,  Gn 
the  benefit  not  only  of  the  scholar  that  is  reciting,  bat  also  of  the  whole 
class.  The  geneni  scope  of  an  arfpunent  may  also  be  given  in  the 
■ame  way,  and  the  manner  of  doing  it  be  made  the  sabjecl  of  eritieinn. 

The  numbers  attached  to  the  questions  refer  to  the  pages,  this  being 
mote  convenient  to  the  scholar  than  a  iinmbeiing  by  paragr^hs  Wwoid 
be,  Ibongh  of  course  it  cannot  be  quite  as  definite  in  all  eaaas. 
85* 
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QUESTIONS. 


CHAPTER  I. 


13.  In  what  respect  ue  a  ciystal  and  ajplant  alike?  How  do  they 
differ  in  the  modes  of  their  formation  1  What  different  offices  do  the 
organs  in  a  plant  perform  1  What  is  meant  when  we  call  the  plant  an 
organized  substance,  and  the  ciystal  an  unorganized  substance  1 

14.  Do  the  OTsans  in  the  plant  act  wholly  on  mechamral  principles  1 


they  differ  as  to  the  complex  character  of  their  organizatioi 
what  two  grand  divisions  do  you  class  all  the  substances  of  the  mate- 
rial world  f  How  do  plants  and  animals  differ  from  minerals  as  to  the 
parts  of  which  thev  are  composed  t 

16.  What  is  assunilation  ?  Explain  it  as  it  takes  place : — First,  in 
the  plantf  and  secondly,  in  the  animal.  How  do  organized  and  unor- 
ganized substances  differ  as  to  permanency  ?  Point  out  the  mode  and 
3ie  extent  of  the  change  that  occurs  in  the  organized. 

16.  Why  is  there  more  change  in  animals  than  in  plants!  How 
can  minerals  be  changed  1  Are  they  productive,  as  animals  and  plants 
are?  Contrast  organized  and  unorganized  substances  in  regard  to 
change  in  the  phenomena  that  you  see  in  the  worid  around  you. 

17.  How  do  organized  and  unorganized  substances  differ  as  to  regu- 
larity in  form  1  What  does  irre^larity  in  the  unorganized  arise  from  f 
How  does  the  law  of  reculanty  operate  in  organized  substance*? 
Does  the  exactness  which  it  sometimes  shows  appear  in  straight  or  in 
curved  lines? 

18.  In  which  is  the  regularity  the  most  wonderful,  the  organized  or 
the  unorganized,  and  why  :  Give  the  four  reasons  assigned : — First,  as 
to  change ;  secondly,  as  to  variety  of  fonn  ;  thirdly,  as  to  its  continu- 
ance from  age  to  age  ;  and  fourthly,  as  to  its  preservation  in  the  midst 
of  a  certain  range  of  irregularity. 

19.  Exemplify  the  last  point  by  reference  to  the  human  countenance. 
How  is  the  law  of  regularity  exemplified  in  the  two  halves  of  the  body  ? 
Mention  some  organs  which  are  destitute  of  this  symmetry ;  mention 
also  some  animals  that  do  not  exhibit  it.  What  is  the  distinction 
between  organized  and  unorganized  substances  as  to  limit  of  size  ? 

20.  How  do  organized  and  unorganized  substances  differ  as  to  their 
structure  ?  How  do  they  differ  as  to  the  number  of  elements  of  which 
they  are  composed  ?     What  are  the  four  principal  elements  of  organ 


bed  bodiM  1  WTiich  one  of  thcaa  is  aolid  1  In  what  form  are  Iho  ol! 
three!  How  many  clpmentiiry  »ub«laiii:M  are  there  in  the  matei 
world }     How  nun;  of  Ihese  are  found  in  plants  and  animalB  T 

CHAPTER   ir. 

31.  Point  out  the  diiTerence  between  the  plant  and  the  animal  aa 

locomotion.     How  docs  this  diflerence  make  it  necesaary  tliat  the  « 

ma]  tfhnuld  have  a  stomach  T     Trace  the  analog  between  the  stoma 

in  Ihc  animal  and  the  rootB  in   the   plant.       What   is  the  diflenn 

id  plants  aa  to  central  orgaoa '.     What  is  thi 


as.  What 


o  the  eflecl  of  mutilation 


uaJa'  < 


thought '     Name  some  eiccplions  <c 

What  is  the  diflerence  between  the  moiiona  oi  sucn  pianis  aatueaei 
live- plant  and  catch-flj,  and  those  of  animals!  Make  the  comparisoi 
relation  to  the  hvdra,  which  describE. 

S3.  Can  the  dialinclinn  as  to  a  dierstive  raviW  always  be  made  oi 
If  it  could  he.  should  itheconsidpredan  eesenlial  distinction !     Whai 
the  really  essential  distinction  between  animals  and  plants !     What  u 
of  the  struduie  of  animals  is  peciiliar  to  tbemi     Has  this  si 
e»er  been  discovered  in  any  plant  1     Why  ought  wo  to  bs  oble  to  dis- 
cover it  in  the  senntlve-ptant  and  catch-fly,  if  it  were  the  cause  of  tlieii 


24-  Is  the  1 
t  are  the 


What 

is  this 


nis  system  !     In  what  respect  is 
omer  not  obBcrred  m  some  cases  I     Give  some  exatnples  of  instincuve 
and  automatic  motion.     How  ioe*  the  heart  difTer  from  the  muscles  of 
brealhinff  aa  to  the  influence  or  sensntion  and  of  the  will  on  its  action  t 

26.  What  is  the  office  of  the  central  organs  of  the  nervous  system 
in  sensation  and  motion !  In  proportion  to  what  is  the  chief  central 
organ,  the  br^n.  found  developed!  Describe  in  genorat  the  difference 
in  development  between  the  nervoua  system  and  the  system  of  nutri- 
tion in  different  animals.  Does  Iho  nervous  system  unduuliicdly  exist 
in  those  animals  in  which  it  cannot  be  found  T 

ZS,  What  reason  have. we  (o  attribute  to  such  animals  tbeeierciseof 
thought,  will,  and  conscionsness  1      Illustrate  by  rcftrcnce  to  the  Hydra. 

37.  What  is  the  distinction  between  animals  and  plants  as  to  their 
chemical  composition !     In  which  is  carbon  the  chan 
--'  'n  which  is  it  nitrogen!     t 


I 
I 


n  witat  01 


thrown  off!     In  what  organs  in  plants  is  it  absorbed ! 


n  the  animal  kingdom!    On 

acd  to  be  correct!     Does  this 
distinctions  between  man  and 
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• 

•  tality  on  this  robject  1  Is  the  diffeience  between  mm  and  other  anft* 
mab  like  that  which  we  see  between  different  animalii  t  la  it  a  men 
difference  of  degree  7  What  notice  ahould  the  naturalist  take  of  th* 
difference  1 

29.  What  is  the  distinction  made  in  the  common  classificatum 
between  man  and  such  animals  as  apes  and  monkeys  1  Can  these  animals 
be  properly  said  to  have  four  hands  1  How  do  the  hands  which  they  are 
said  to  have  resemble  the  hand  of  man,  and  how  do  they  differ  from  it ! 

80.  What  is  said  by  Sir  Charles  Bell  about  the  handl  What  by 
Aristotle,  and  by  Anaxagoras  1  State  some  particulars  in  which  the 
structure  of  man  differs  from  that  of  the  inferior  animals. 

31.  What  relation  have  the  peculiarities  of  man's  organization  to  hie 
mental  peculiarities  1  Why  is  it  important  that  the  essential  distinc- 
tions between  man  and  animals  should  be  prominently  taught !  What 
is  the  theory  o£  Robinetl  « 

38.  What  is  the  teaching  of  a  true  science  in  regard  to  the  Creator's 
agency  1  What  is  the  theory  of  gradations  in  nature  1  What  are  the 
objections  fatal  to  this  theory,  as  stated  in  ^  49 1 

33.  W^hat  are  the  real  gradations  in  nature  1  Are  these  gradations 
in  each  of  the  kingdoms  regular  1  Is  man  inferior  to  some  animals  in 
certain  endowments  1  Give  some  examples.  Is  it  strictly  true  that 
man  is  the  most  perfect  of  animals  1  In  what  respect  is  there  a  gradar 
tion  in  the  throe  kingdoms  of  Nature !  Is  all  Nature  wholly  tributary 
to  man  t 

CHAPTER  IV. 

35.  Of  what  advantage  is  it  to  the  student,  in  studying  human  physi- 
ology, to  observe  the  analogies  in  the  processes  of  life  between  man  and 
other  living  beings  or  things  1  What  is  t^e  difference  between  Anatomy 
and  Physioloffy  ? 

36.  What  functions  distinguish  animals  from  plants  1  Into  what  two 
classes  of  subjects  is  Physiology  naturally  divided  1  Remark  on  the 
vride  range  of  subjects  presented  in  Physiology.  In  what  respect  does 
this  study  differ  from  all  others  1 

37.  Of  what  two  parts  is  bone  composed  1  What  are  the  propor- 
tions of  these  parts  in  childhood — in  adult  age — and  in  old  age  1  How 
can  you  obtain  these  parts  separate  from  each  other  \  W  hat  is  the 
animal  part  of  bone  1  What  relation  docs  this  sustain  to  the  mineral 
part  1  What  Is  the  arrangement  of  the  two  parts  of  bone  in  the  veiy 
young  child  1     WTiat  is  true  of  the  skeleton  of  many  fishes  1 

38.  Mention  some  cartilages  that  never  have  any  mineral  matter 
deposited  in  them.  With  what  arc  the  bones  joined  together!  By 
what  are  they  moved  1  How  do  muscles  act  1  What  is  tne  office  of 
the  tendons  f  What  is  their  structure  1  What  is  the  most  common 
texture  or  tissue  of  the  body  1  Why  is  it  called  areolar  or  cellular  / 
How  can  you  get  the  best  idea  of  this  texture  1  Mention  its  different 
Qsesl  « 

39.  In  what  portions  of  the  body  is  this  tissue  most  abundant  1  In 
what  ways  does  the  free  communication  between  the  cells  of  this  tissue 
become  manifest  to  us  "*     *'       ......        -       ... 


40.  What  are  the  uses 


1     How  is  its  elasticity  affected  by  dropsy  in  it  t 
es  of  the  fat  deposited  in  the  cells  of  this  tissue^ 


F.:r' 
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What  &ct  is  stated  in  regaid  to  hybemating  n^nwp^l*  1  How  ia  the  &t 
kept  from  oozing  thxoani  the  porea  of  ita  ceilal  What  cayitiea  doea 
the  mucous  Uaaue  fine  1  llow  ia  the  aecietion  of  mocoa  effected  1  What 
ia  ita  chief  uae  ? 

41.  What  parte  of  organs  are  lined  by  the  serous  tiaauet  In  what 
important  respect  do  serous  membranes  differ  from  mucous  t  What  ia 
the  appearance  of  the  aeroua  membranes  1  How  ia  dropay  produced  in 
themi  Are  the  organs  of  the  body  composed  of  many  tissues!  Take 
the  atomach  aa  an  example,  and  describe  its  structure.  Give  a 
aummary  of  the  nutritive  functiona  aa  deacribed  in  ^  69. 

CHAPTER  V. 

42.  Give  a  summary  of  the  processes  of  digestion. 

43.  Of  what  substances  is  the  body  of  a  tooth  composed,  and  how 
are  they  arranged  ?  What  are  the  different  ahapea  of  teeth,  and  for 
what  different  purpoaea  are  they  fitted  1  How  do  the  teeth  of  carnivor- 
ous animala  differ  from  those  of  the  herbivorous?  How  does  the 
motion  of  the  lower  jaw  differ  in  the  two  classes  1 

44.  What  ia  the  shape  of  the  teeth  in  the  insectivorous  t  What  in 
the  frugivorojul  What  ia  the  peculiar  arrangement  of  the  enamel  in 
the  teeth  oflie  herbivoroua,  and  for  what  puxposel  What  can  be 
inferred  about  an  animal  from  an  examination  of  his  teeth  1  Why  ia 
man  said  to  be  an  omnivorous  animal  1  Why  are  his  tearing  teeth  less 
in  lenffth  and  in  power  than  those  of  camivoroua  animals  1 

45.  ^Vhat  baa  the  common  whale  in  place  of  teeth  1  What  is  the 
purpose  of  the  arrangement  t  What  supplies  the  place  of  teeth  in 
Dirdsl  What  is  the  use  of  the  saliva?  Describe  the  situation  and 
arrangement  of  the  glands  that  aupply  this  fluid. 

46.  How  much  saliva  is  secreted  by  the  salivary  glands  during  a 
meal?  Why  is  more  saliva  than  usual  needed  when  one  is  speaking  1 
What  effect  does  motion  of  the  mouth  have  on  the  secretion  ?  How 
are  these  salivary  glands  affected  by  tobacco-chewing  ? 

47.  Explain  the  influence  of  sympathy  in  the  secretion  of  saliva. 
What  are  the  two  kinds  of  fluid  secreted  by  the  salivary  glands,  and 
what  is  the  purpose  of  each  kind  ?  Describe  the  varioua  parte  engaged 
in  the  act  ot  swallowing,  as  represented  in  figs.  10  and  11. 

49.  Describe  the  arrangement  of  muscular  fibres  in  the  oesophagua. 

60.  What  is  the  character  of  the  gastric  juice?  By  wnat  ia  it 
formed  ?  Describe  the  appearance  of  the  mucous  membrane  of  the 
stomach,  as  seen  by  Dr.  Beaumont,  in  the  case  of  Alexis  St.  Martin. 
To  what  is  the  amount  of  gastric  juice  proportioned  ?  What  is  the 
effect  of  stimulating  the  stomach  to  too  large  a  secretion  of  it  from  day 
to  day  ?  What  is  the  nature  of  ita  action  on  the  food  ?  How  is  the 
application  of  it  to  all  portions  of  the  food  secured? 

51.  Describe  the  arrangement  of  the  muscular  fibres  of  the  stomach, 
and  the  manner  of  their  action.  What  ia  the  chyme  ?  What  is  the 
arrangement  of  the  valve  called  the  vylorus  ! 

52.  When  is  the  pylorus  especialW  in  action  ?  If  there  be  difficulty 
in  digesting  the  food,  what  is  the  efiect  on  the  action  of  this  valve? 

53.  What  arc  the  different  theories  in  regard  to  the  process  of  diges- 
tion ?     What  is  the  true  character  of  the  process  ?     What  is  the  conso- 
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qaence  if  fresh  food  be  introduced  into  the  stomach  while  the  process  is 
going  on  1  Why  is  the  practice  of  eating  between  meals  a  Dad  one  1 
Why  does  eating  fest,  ^  harmt  What  effect  has  great  variety  in 
food!  How  does  exercise  affect  digestion  1  Relate  the  experiment 
with  the  two  dogs,  and  state  what  it  proves. 

54.  What  shows  that  hunger  does  not  arise  from  emptiness !  What 
that  it  does  not  arise  from  the  irritation  of  the  gastric  juice  1  What  b 
the  cause  of  hunger  1  What  is  the  seat  of  the  sensation  1  Upon  what 
does  the  degree  of  hunger  depend !  What  must  be  the  state  of  the 
stomach  to  have  this  sensation  exist  t 

55.  How  do  mental  impressions  sometimes  destroy  the  sensation  of 
hunger  1  How  does  food  remove  it  so  much  before  any  nourishment  is 
diffused  through  the  system  1  What  is  the  cause  of  thirst  1  Where  is 
its  seat  ? 

57.  Describe  the  arrangement  of  the  digestive  organs  as  seen  in  fig. 
16.  What  are  the  uses  of  the  mesentery!  Where  are  the  bile  and 
the  fluid  secreted  by  the  pancreas  mingled  with  the  chyme !  What  is 
one  of  the  offices  which  they  execute  1 

58.  What  is  the  chyle  1  What  are  the  lactealsl  What  glands  do 
they  enter !  After  passing  on  from  these  glands,  into  what  duct  do  the^ 
empty  the  chyle  1  What  is  the  size  of  this  duct,  an<^^here  does  it 
pour  its  contents  ? 

59.  Describe  the  operation  of  the  suction  power  at  the  mouth  of 
the  thoracic  duct.  What  becomes  of  the  chyle  thus  forced  into  the 
blood  ?     Why  is  the  mucous  coat  of  the  intestine  full  of  folds  1 

60.  What  is  the  general  rule  by  which  the  variation  in  the  digestive 
apparatus  in  different  animals  is  governed  1  Exemplify  by  a  compari- 
son between  herbivorous  and  carnivorous  animals.  What  is  the  length 
of  the  alimentary  canal  in  the  lion  1  What  in  the  sheep  1  What  in 
man  1  In  what  animals  is  the  stomach  most  complicated  1  Describe 
the  apparatus  of  digestion  in  the  sheep,  and  its  successive  processes. 

62.  Which  of  the  four  cavities  in  the  sheep's  stomach  is  the  real  sto- 
mach 1  Into  which  cavity  does  fluid  matter  always  go  t  Wliat  is  the 
arrangement  when  the  animal  is  suckling!  Describe  the  digestive 
apparatus  of  birds  as  exemplified  in  the  turkey. 

63.  What  circumstances  govern  the  variations  of  the  digestive 
organs  in  different  animals !  What  is  true  of  the  stomach  in  the  lower 
orders  of  animals !  What  peculiarity  is  there  in  the  Hydra  in  regard 
to  its  stomach ! 

CHAPTER  VI. 

64.  What  are  the  different  parts  of  the  apparatus  of  the  circulation  1 
Describe  the  agency  of  each  in  circulating  the  blood. 

65.  What  relation  does  the  heart  bear  to  the  rest  of  the  circulating 
apparatus !  What  is  the  difference  between  the  arteries  and  the  veins 
in  their  structure !  What  two  reasons  are  there  for  this  difference  t 
What  is  the  pulse ! 

66.  How  do  the  arteries  and  veins  differ  in  the  mode  of  their  divi- 
sion !  How  does  the  venous  system  differ  from  the  arterial  in  capacity  1 
How  in  regard  to  rapidity  of  flow  of  the  blopd !  Describe  the  valves  in 
tlie  veins. 
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67.  Why  are  Iheie  tbWm  needed '.  Why  is  it  more  dangerouB  to 
wound  itn  aHer;  tlian  a  lein  T  Give  aome  eiampleti,  ■bowing-  how  on 
this  account  Ihc  arteririi  are  leated  more  deeply  tlisn  the  veins. 

66.  'Where  are  the  arteries  auperficiall;  situated,  and  why  1  UeKnriba 
Ibe  cotumon  mode  of  bleeding  from  tbo  arm.  What  is  the  proper  way 
to  slop  bleeding  from  an  arteiy  1 

6U.  What  is  an  sneurisml  When  a  ligature  is  tied  around  tho 
artery  above  an  uieurisDi  in  a  limb,  bow  ia  t£e  limb  to  be  supplied  with 
blDod?  What  [»  iFie  chief  agent  in  the  circulation  of  the  blood  1  How 
can  you  illusliate  tbc  contraction  and  the  dilatation  of  the  heart  1 

70.  What  phenomena  show  that  the  blood-Tessele  eiert  an  actiro 
agency  in  cireolating  the  blood  1  How  does  the  circulation  through  Ihe 
liter  show  that  Ihe   captUariee  are   active   agents  in    circulating  the 

71.  Wiy  are  the  veins  generally  fiill  of  blood  after  death,  while  the 
arlctieB  arc  nearly  empty  ' 

78.  What  is  the  origin  of  the  term  arteiy  !  Why  do  we  not  in  com- 
mon Inngunge  speak  of  Ihe  blood  as  running  in  the  arteries  as  well  as 
in  the  veins  !  When  did  Hnirey  discover  tbc  circulation  of  the  bloodt 
What  is  the  color  of  the  blood  in  Ibe  Bderieil  What  color  baa  it  in 
the  veins!  Where  is  it  changed  from  red  to  purple!  What  other 
changes  besidea  that  of  color  take  place  1  What  would  be  tbc  CDDxe- 
quence  if  the  dailc  venous  blood  should  be  sent  to  the  brain  t 

73.  Where  ia  the  change  in  Ihe  btood  from  purple  to  red  effected! 
How  is  the  apparatus  arranged  so  as  to  send  ihe  purple  blood  to  the 
lunga  to  be  changed  !  Eiplain  the  diagram  shonmg  Ihe  plan  of  the 
two  circulations. 

74.  What  ia  the  dinerence  in  the  two  circulations  as  to  the  cob>r  of 
the  blood  in  Ihe  veins  and  the  arteries  ?  M'hat  in  Ihe  diirerence  betweei. 
the  ehange  of  the  blood  in  the  capillaries  of  the  lun^,  and  that  which 
Ukea  place  in  the  capillaries  of  llie  general  syslern  !  Describe  the  parts 
of  the  right  half  of  the  heart  aa  represented  in  Fig.  S6. 

70,  Describe  the  manner  iu  which  the  auricle  and  ventricle,  with  Iha 
valves,  act.      Give  Ihe  illustration  aa  repivsented  in  Fig,  27. 

76.  Whal  is  Ihe  difference  in  size  and  Btrenjjth,  belwcon  the  auriele 
and  ventricle  1  What  is  tbc  size  of  the  heart  '■  Describe  the  arrange- 
menl  of  the  valves  of  Ihe  aorta. 

77.  DBBcrihc  Ihe  nppcial  provision  to  prevent  leaking  in  these  valvei. 
How  are  the  walls  of  tlie  heart  supplied  witb  blood '. 

78.  Describe  Ihe  valves  between  the  auricles  and  the  ventriola. 
Why  BK  Ibey  regnlated  by  muicUi  f 

79.  Why  are  there  no  valves  whore  the  blood  pours  into  the  auricla 
ftotn  the  *en»  caval  Describe  the  parts  of  Ihe  heart  as  represented  in 
Fig.  31. 

81.  Describe  the  circulation  as  given  in  the  map  of  the  heart  in 
Fig.  32, 
83.  Describe  Iba  situation  of  the  heart  and  its  blood-vessel 

83.  How  do  the  four  parts  of  the  heart  act  wilhout  di 
What  is  the  difference  between  ihe  two  sounds  of  Ihe  heart '     What  is 
the  cause  of  the  first  sound!     What  of  the  second  <     How  is  Ihe  pulse 
produced?     Explain  tlic  impulse  of  the  heart  against  thechesl. 
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84.  Explain  the  plan  of  the  pericardium. 

86.  Has  the  heart  any  Te]>08e1      Give  some  calculations  as  to  the 
•mount  of  work  it  does  m  a  lifetime. 
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the 

minute 

duced  by  the  air  in  them  upon  the  blood  1 

87.  Describe  the  arransement  of  the  larynx,  the  trachea,  the  bronchi, 
and  the  lungs,  as  exhibited  in  Fig.  36.  How  are  the  heart  and  the 
.lungs  arranged  in  the  chest  1 

88.  What  is  the  pleura  ?  Why  are  the  lunffs  not  fiistened  to  the 
walls  of  the  chest  1  Describe  the  manner  in  which  the  air  is  made  to 
enter  the  chest  in  breathing.  Describe  the  framework  of  the  clyMt,  as 
represented  in  Fig.  S/.  How  are  both  lightness  and  strength  secured 
in  this  structure  1 


90.  How  does  the  diaphragm  act  ^  Describe  inspiration  and  expira- 
tion as  iUustlrated  by  Figs.  38  and  39. 

92.  In  what  way  do  other  muscles,  besides  the  diaphragm,  act  in  res- 
mrationl  Describe  their  arrangement  and  action,  as  represented  in 
Fig.  40. 

93.  What  is  the  arrangement  of  the  muscular  fibres  between  the  ribs, 
and  their  mode  of  action  f  In  what  directions  are  the  ribs  moved  by  the 
muscles  in  the  neck  and  between  the  ribs  !  Do  these  muscles  act  much, 
if  at  all,  in  ordinary  easy  respiration  1  Under  what  circumstances  do 
they  act  strongly  1 

94.  If  air  were  admitted  to  the  outside  of  the  lun^s  by  openings  in 
the  walls  of  the  chest,  what  would  be  the  result  ?  How  are  the  blood 
and  the  air  kept  firom  mingling  in  the  lun^s,  while  they  are  brought  so 
near  together  that  the  £ur  changes  the  blood  1  What  experiment  shows 
that  blood  can  be  acted  upon  by  air  through  pores  ?  How  important  is 
the  office  of  the  air-cells  1  What  provisions  are  made  for  securing  to 
them  sufficient  room  under  all  circumstances  ?  Illustrate  by  reference 
to  the  state  of  things  in  violent  exercise. 

95.  If  the  expansion  of  the  chest  be  restrained  in  any  way,  what  in- 
fluence is  exerted  upon  the  air-cells  1  In  what  two  ways  does  violent 
exercise  injure  the  lungs  when  the  chest  cannot  be  well  expanded! 
What  is  said  of  the  influence  of  compression  of  the  chest  in  the  pro- 
duction of  disease  in  the  female  sex  ? 

96.  What  is  said  of  the  extent  to  which  compression  of  the  chest  is 
often  carried ! 

97.  What  b  said  of  the  gradual  moulding  of  the  chest  by  continued 
compression  during  its  growth  ?  How  is  death  produced  in  drowning  1 
How  is  water  prevented  from  getting  into  the  lungs  in  any  quantity  ? 
If  arterial  blood  could  be  suppli^  to  all  the  organs  while  the  breathing 
is  stopped,  what  would  be  the  result  1  What  contrivance  has  the  whale 
for  thi0  purpose  ? 


9a.  What  is  the  amingcnipnl  of  ihe  gUls  of  a  luh  !  By  what  oipo- 
rinipnl  can  you  prote  that  it  is  (he  air  in  the  water  that  acta  oti  the 
blood  in  the  gills,  and  thue  keeps  the  Ssh  ahie !  WhY  cannot  the  fish 
use  air  that  ia  not  mingled  with  water !  What  provision  in  the  land-crab 
enables  him  to  Uyb  in  air  u  well  aa  in  water  I  Describe  the  arrange- 
ment of  the  gills  in  the  lob-womi,  and  the  larva  of  [he  Mny-flir. 

99.  How  are  the  respiratory  organs  ajranged  in  iniecia  t  What  is 
the  effect  of  covering  their  stigroata  with  varnish  T 

100.  For  what  two  purposes  is  the  apparatns  of  respiration  largely 
developed  in  birds  '.  What  spedal  arrangeinent  is  there  for  securing 
lightness! 

101.  By  what  experiment  can  you  show  that  carbonic  acid  is  thrown 
oir  from  the  longs  !  What  me  the  coioponenti  of  the  air,  and  what  is 
Ihpir  proportion  '.  Which  of  these  is  essential  to  life  I  Why  would  it 
not  be  well  to  breathe  pure  oxygon  alone?  Where  haa  it  been  sup- 
posed till  recently  that  the  oxygen  of  the  air  unites  with  carbon  to  make 
carbonic  acid !     Where  does  Ihis  union  lake  place ! 

102.  What  facta  settle  the  laat  queslioikl  Does  the  change  etFccted 
by  the  air  upon  the  blood  in  the  lunga  take  place  to  some  extent,  when 
blood  drawn  frum  a  vein  is  eipost^  to  air!  What  experiment  ilhis- 
Irates  the  manner  in  which  the  air  acta  on  the  blood  in  the  lungs  ' 

103.  How  much  carbon  ia  contained  in  the  carbonic  acid  thrown  olT 
from  the  iungain  twenty' four  hours  !  What  eOecl  does  this  gas  produce 
upon  (be  he^th  if  ventilation  be  impeifect! 

104.  What  becomes  of  the  carbonic  acid  thrown  oR*  from  the  lunsa 
of  animals  1  How  ia  the  air  repleniahed  with  oxygen  T  How  a  lbs 
equilibrium  preserved  in  dilTcrenl  cUmates !  Wbat  effect  haa  light  upon 
the  diEcharge  of  oxygen  from  the  leaves  of  plants  1  By  wbat  procesa 
is  the  heat  of  the  body  maintained  ?     Trace  ita  analogy  to  ordinary  com- 

105.  What  waa  formerly  supposed  in  regard  to  the  place  of  (he  pro- 
duction of  animal  heat !  What  objeclion  was  made  lo  this  sopposi- 
lionl  Where  was  it  at  length  discovered  that  the  heat  ia  made? 
What  are  the  tliree  aonrces  of  /itel  for  keeping  up  Ihe  animal  heati 
Why  is  so  large  a  quantity  of  oily  food  eaten  in  cold  climalea  1  How 
do  cold  and  tropical  climates  differ  in  the  provisions  of  nature  in  tbia 

10S.  How  is  the  use  of  fat  in  maintaining  heal  exemplified  in  hiber- 
nating aniniali )  Whence  comes  the  heat  produced  by  exercise  ?  Why 
is  heat  in  difietenl  animals  proportioned  lo  their  degree  of  activity  t 
Contrast  the  warm  and  cold-blooded  animals  in  this  respect, 

107.  What  is  the  ordinary  temperature  of  the  human  body  1  What 
ia  essential  to  Comfort  as  to  lemperalure  in  man  t  Detail  experiroenta 
which  ahow  how  high  a  decree  of  temperature  can  be  borne. 

108.  How  are  the  evil  effects  of  eieeaaive  heal  in  such  cases  chiefly 
prevented '  How  much  docs  Ihe  atate  of  torpidity  vary  in  different 
animals !  On  what  does  Ihe  degree  lu  which  a  deprivation  of  air  can  b« 
home  depend  1 


le  Btrange  recovcriea  from  drownino  to  be  eipluncd  ' 
e  chcinical  changes  described  in  this  chapter  dependent 
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CHAPTER  VIII. 

109.  By  what  is  the  building  and  repairing  of  the  body  done 
Have  the  vessels  by  which  this  is  done,  the  power  of  selecting  their  in» 
terial  from  the  blood  1 

110.  Illustrate  the  variety  of  structures  formed  from  the  blood  by 
taking  the  eye  as  an  example.  Give  examples  of  the  co-operation  of 
the  formative  vessels  in  their  work. 

111.  How  is  the  concert  of  action  in  these  vessels  illustrated  in  the 
definite  but  various  shapes  of  the  structures  which  they  make  ?  How 
is  the  wonderfulness  of  this  co-operation  shown  by  comparison  with 
the  formation  of  a  crystal  1  . 

112.  Illustrate  the  agreement  necessary  between  different  neighbor- 
ing sets  of  formative  vessels  in  the  process  of  growth.  Illustrate  the 
wonderfulness  of  the  concert  of  action  in  the  formative  vessels,  when 
there  is  a  change  of  action.  How  is  this  exemplified  in  certain  ani- 
mals, as  the  frog  and  the  silkworm  1 

114.  How  is  this  change  of  action  exemplified  in  the  enlargement  of 
communicating  arteries,  after  tying  an  artery  in  case  of  an  aneurism  1 

116.  Describe  the  agreement  of  action  seen  in  the  successive  changes 
that  take  place  in  the  formation,  discharge,  and  healing  of  an  abscess. 

116.  Notice  the  agreement  of  action  between  the  formative  vessels 
and  the  absorbents  in  the  cases  mentioned.  Are  the  secretions  of 
organs  made  from  the  same  material  that  the  organs  themselves  are  ? 
What  exception  is  there  1 

117.  How  many  kinds  of  waste  particles  are  there?  By  what  ab- 
sorbents are  those  particles  taken  up  that  can  be  used  again  1  What 
organs  probably  fit  them  to  be  used  again  as  a  part  of  the  building  ma- 
terial 1  W^here  is  the  lymph^  which  they  compose,  mingled  with  the 
blood  1 

1 18.  By  what  are  the  particles  that  are  wholly  useless  absorbed  1  By 
what  organs  are  they  excreted  or  thrown  off  from  the  body  1  Do  these 
various  organs  excrete  dUTcrent  parts  of  this  wast^  ?  Do  we  know  why 
this  waste  matter  is  introduced  into  the  blood,  instead  of  being  thrown 
off  in  some  more  direct  manner  !  Give  some  examples  in  which  other 
functions  besides  excretion  are  performed  by  the  same  organ. 

119.  What  are  the  various  functions  of  the  skin  \  Describe  its  struc- 
ture to  show  how  well  it  is  fitted  for  these  functions. 

120.  How  extensive  is  the  tubing  of  the  sweat-glands !  In  what  tw^o 
respects  is  the  excretion  from  them  important  ?  What  is  the  difference 
between  insensible  and  sensible  perspiration  ?  What  are  the  sebaceous 
elands !  W^hat  purpose  do  they  serve  ?  Wliere  are  they  most  abun- 
dant] 

121.  Upon  what  does  the  rapidity  of  the  change  constantly  going  on 
in  the  body  chiefly  depend  1  Which  has  the  most  influence  on  this 
chance,  mental  or  bodily  labor  1  Illustrate  the  influence  of  activity  on 
this  change  by  a  comparison  between  the  frog  and  the  canary  bird. 

122.  Illustrate  the  same  influence  by  a  comparison  between  different 
parts  of  the  body.  Wliy  does  the  change  of  the  particles  vary  much  in 
rapidity  at  different  times  1  What  is  said  of  the  mingling  of  life  and 
death  in  the  changes  of  the  particles  ^ 
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formed!     How  do  the  cells  differ  frot  ... 

1Z4.  What  do  these  cells  contuu!  What  ii  to  be  Budof  tbeii  fonu 
Describe  them  as  seen  id  the  blood.  Of  what  are  the  solid  paits  of  th« 
bod;  composed ! 

136.  Hon  da  the  calls  appnar  as  se«n  in  the  HTdni!  Upon  what 
does  the  chaiacter  of  man  j  of  the  teitaras  of  the  bodj  depend  1  What 
is  the  chief  diffeiencs  between  the  various  slanda  of  the  Iwdy  1  Upon 
what  do  ths  colors  of  various  parts  depend  1  How  u<  the  colors  of 
flowers  varied  m  kind  and  in  decree  1 

136.  Illustrate  the  selecting  power  of  the  cells.  Can  we  account  Sol 
this  power  !  What  ia  aaid  of  the  idea  that  the  selection  is  the  reaolt 
of  affinity  1  What  ia  said  of  the  cbangea  that  take  place  in  the  con- 
tents of  Che  cells !     In  what  two  wajrs  do  cells  produce  other  cells  ^ 

127.  How  manj  kinds  of  celU  are  there  in  the  blood  1  What  gives 
the  red  color  to  the  blood  !  What  are  two  of  the  offices  of  the  coTarad 
cells  !  How  does  their  amount  var;  in  different  animals,  and  in  differ- 
ent individuals  of  the  human  race  1 

1S6.  Describe  bj  ths  figure  the  maimer  in  which  shsorptiDn  is  per- 
formed on  tba  surface  of  the  mucoua  membrane  In  tbe  bowds. 

139.  Describe  in  like  manner  secretion  b;  Fig.  S3. 

130.  Of  what  ia  the  cuticle  or  scarfskm  composed!  How  many 
/ibnUit  are  there  in  a  muscular  libre!  What  ia  each  one  of  these 
Gbrille  ?  What  takes  place  in  them  when  the  muscle  cmtrBCts ! 
What  Is  the  cause  then  of  the  swelling  out  of  a  muscle  whan  it  acta  1 
How  minute  are  tbe  cells  in  musclea  ? 

131.  What  solid  animal  depoiita  are  made  b;  cell*!  Describa  tbe 
anangement  in  the  enamel  of  the  teeth.     Of  what  are  tbe  nerve*  <Xm- 

133.  What  ha*  been  found  in  regard  to  combinatians  between  the 
lubuli  of  the  nerves  t  How  are  these  lubuli  made  frora  cells  !  In 
what  other  parti  of  the  nervous  system  besides  the  nerves,  are  thaj 
found  !  What  is  the  office  of  ths  tubuli !  What  is  the  office  of  the 
gray  substance  of  the  brain  1  Of  what  is  thi*  subatance  chiefly  coni' 
posed  1  What  is  said  of  the  form  of  its  cells  !  Where  does  the  micro- 
scope show  as  is  the  beginning  of  life  ? 

133.  What  is  the  extent  of  the  agency  of  the  cells  !  In  tbe  forma- 
tion of  every  animal  what  preeedea  the  appearance  of  anj  diversity  of 

134.  Describe  the  arrangement  of  the  contents  of  bq  egg. 

.  135.  Describe  the  luccesiion  of  processes  that  take  place  in  the  yolk 
prepaiatory  to  the  formation  of  the  bird.  From  what  materisl  are  all 
tbe  parts  of  the  bird  made ! 

136.  What  is  the  aUatUea,  and  what  is  its  office  t  How  can  yon 
prevent  it  from  perfonning  its  office,  and  thni  arrest  the  development  of 
tbe  animal  ?  When  the  bird  is  fiilly  formed,  how  ia  he  enaUed  to  borrt 
•*•-  -*-" '     What  is  the  grand  distmction  between  oi '—^  -"^  "™— 
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137.  What  comparison  is  made  between  grayitation  and  cell-life  T 
Compare  the  exhibition  of  the  Creator's  power  in  the  minute  and  in  the 
large  operations  of  nature.  What  comparison  can  you  make  between 
the  beauty  of  nature  as  seen  by  the  naked  eye,  and  its  inner  beauty 
rerealed  by  the  microscope  1 

CHAPTER  X. 

139.  How  far  are  the  functions  of  nutrition  alike  in  animals  and 
plants  1  How  has  the  microscope  shown  formation  to  be  essentially  the 
same  in  both  1  Through  what  system  are  the  uses  for  which  the  body 
is  constructed  secured  1 

140.  Why  are  the  functioni  that  are  performed  through  the  nervous 
system,  called  Amotions  of  animal  life  1     Why  are  they  also  called  func- 
tions of  relation  1     Through  what  intermediate  instruments  does  this 
system  perform  its  junctions  1     How  does  this  system  vary  in  compli 
cation  in  different  animals  1 

141.  How  much  is  learned  through  the  nerves  and  their  subordinate 
organs,  the  organs  of  the  senses  1  Mention  the  subjects  to  be  treated 
of  in  this  third  part  of  the  book.  What  are  the  three  parts  into  which 
the  nervous  system  ma^  be  divided  1 

142.  What  three  thmgs  are  necessary  to  sensation!  Illustrate  the 
necessity  of  each.  What  three  things  are  necessary  to  voluntary  mo- 
tion 1  Describe  the  arrangement  of  the  parts  of  the  nervous  system  as 
represented  in  Fig.  72. 

144.  Describe  the  arrangement  and  structure  of  the  brain  as  repre- 
sented in  Fig.  73. 

145.  What  part  of  the  nervous  system  is  most  immediately  essential 
to  the  continuance  of  life  1  And  why !  Illustrate  by  facts.  What  are 
the  convolutions  of  the  brain  t  Describe  the  membranes  of  the  brain — 
the  pia  mater — the  dura  mater — the  arachnoid. 

146.  What  is  the  consistence  of  the  brain  1  What  is  the  arrange- 
ment of  the  gray  and  the  white  substance  ? 

147.  Does  the  arrangement  of  the  convolutions  favor  the  idea  of  the 
phrenologist  1  Of  what  is  the  white  substance  of  the  brain  composed  1 
What  function  is  performed  by  it  1  What  tubuli  transmit  impressions 
from  the  brain  1  What  transmit  to  it  1  What  is  said  of  the  size  of  the 
tubuli ! 

148.  What  is  the  function  of  the  gray  substance  1  In  proportion  to 
what  does  its  amount  vaiy  in  different  animals  1  Is  there  gray  matter 
at  the  extremities  of  the  nerves  1 

149.  With  what  are  the  ceils  in  the  gray  substance  minted  t  What 
is  said  of  the  necessity  of  a  supply  of  arterial  blood  to  this  substance  ! 
How  does  the  arrangement  of  the  gray  and  the  white  substance  differ 
in  the  brain,  in  the  spinal  marrow,  and  in  the  ganglions  1  What  are 
ganglions  1     What  are  plexuses  ? 

150.  Why  is  the  gray  matter  so  largely  supplied  vrith  blood  ?  What 
has  the  microscope  shown  in  regard  to  the  changes  going  on  in  this  sub- 
stance 1  What  IS  said  of  the  manner  in  which  the  nerves  terminate  in 
the  organs  of  the  body  1 

151.  Where  are  the  Pacinian  corpuscles  mostly  found!  Describe 
their  structure.     What  do  we  know  of  their  use ! 
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in  reading — ^in  looking  at  a  prospectl  Why  do  we  aeem  to  am  ibm 
whole  of  a  page  or  of  a  prospect  at  once  with  equal  distinctneni 
How  far  do  we  see  the  whole  of  a  page  or  a  prospect  at  once  1  What 
is  said  of  the  minuteness  and  correctness  of  tiie  pictures  foxmed  on  the 
retina! 

313.  How  do  we  in  part  estimate  the  motion  of  objects  1  What  ii 
said  of  the  delicacy  of  the  process  by  which  this  is  done  1  Illustrate 
the  frequent  erroneousness  of  our  unpressions  in  reffard  to  motion. 

Why  is  it  that  when  we  are  moving  rapidly,  near  objects  seem  to  fly 
back,  and  distant  objects  seem  to  go  along  with  us  1  Illustrate  by  the 
Figure. 

314.  What  is  said  of  the  rapidity  with  which  impressions  received 
from  the  images  on  the  retina  succeed  each  other  1  Show  how  this 
may  be  measured  by  experiment  To  what  is  the  difference  in  time 
required  for  distinct  transmission  in  different  individuals  owing  1  Trace 
the  analosy  between  this  difference  and  that  which  we  see  in  different 
individual  in  regard  to  the  use  of  the  muscles. 

316.  Explain  the  Thaumatrope.  How  is  the  eye  sihuUed  so  as  to 
protect  agaust  injury  1  How  does  the  cushion  of  &t  on  which  it  reits 
serve  to  protect  it  1  In  what  two  ways  does  the  muscle  that  closes  the 
eyelids  serve  as  a  protection  to  the  eye  1 

316.  How  is  it  protected  by  the  eyelashes  1  How  by  the  eyebrows  1 
How  are  the  eyehds  constructed  in  reference  to  the  protection  of  ihm 
eye !  How  do  the  tean  serve  as  a  protection  1  Why  do  fishes  have  no 
tear-apparatus  1 

317.  Describe  the  arrangement  of  the  tear>apparatus.  Why  do  tho 
tears  overflow  the  edses  of  the  eyelids  when  they  are  abundant  f  What 
arranffement  of  glands  is  there  on  the  eyelids  1  What  two  purposes 
does  me  oily  sulMtance  formed  by  them  serve  1  How  are  the  tean  con- 
ducted into  the  mouths  of  the  ducts  when  the  eyelids  are  doeed !  Do- 
scribe  the  nictitating  membrane  in  the  eyes  of  birds. 

CHAPTER  XVII. 

J 18.  Give  the  recapitulation  presented  in  ^  476. 

319.  What  is  said  of  the  brain  as  the  organ  of  the  mind  1  What 
facts  show  that  motion  and  sensation  are  dependent  on  the  brain  1 
How  does  it  appear  that  the  mind  thinks  only  by  means  of  the  brain  1 
How  is  life  continued  when  sensation,  motion,  and  thought  are  stopped 
by  compression  of  the  brain  ?  How  does  the  variation  of  Uie  degree  of 
compression  vary  the  effect  on  the  mental  functions  1  How  is  the  do- 
pendence  of  the  mind  on  the  brain  shown  in  disease  1 

320.  Of  what  is  insanity  always  the  result  1  How  do  moral  causee 
produce  it  1  If  the  mind  were  separate  from  the  body,  could  insanity 
be  produced  in  iti  Can  the  disease  in  the  organization  in  insanity, 
be  always  discovered  in  an  examination  after  de«ih  1  Describe  the  situ- 
ation of  the  brain  and  its  immediate  connections. 

321.  What  is  said  of  the  face  1  Illustrate  the  rapidity  of  the  comma* 
nication  between  the  mind  and  the  different  parts  of  the  body.  In  exo* 
cuting  muscular  motion  skilfully,  is  any  assistance  derived  from  a  know- 
ledge of  the  particular  muscles  1  By  what  arrangement  is  the  mind 
en«)led  to  excite  so  accurately  the  motion  of  the  muscular  fibres  ^ 
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336.  What  w  aaid  of  the  moadea  of  the  fece  IB  the  fdioti     Why 

not  the  edoeaiioB  of  the  moadea  eztead  to  Aoae  that  are  iimdaB- 

t 

327.  What  £flemiee  ia  there  in  the  SSknnt  stagea  of  die  training 
of  the  mnades  in  the  degree  of  cognizance  which  the  mind  takes  of 
their  action  T  Dhutrate  bj  reference  to  learning  to  walk,  to  read  and  to 
omg.  What  haa  been  the  general  belief  in  regaid  to  the  meana  of 
eommunication  between  dilTerent  minds  * 

328.  What  m  claimed  by  aome  on  this  point  in  regard  to  what  ia 
called  animal  magnetism !  What  has  alw^js  been  found  to  be  true  of 
this  when  iu  pretensions  are  properly  tested !  IDostrate  the  manner  in 
which  this  was  done  in  one  case. 

329.  What  is  said  of  the  illustrations  afionkd  by  animal  magnetism 
of  the  influence  that  can  be  exerted  upon  the  body  through  the  mind  ? 
To  what  diseased  states  is  the  condition  prodooed  in  the  subject  analo- 
gous :  Does  the  explanation  of  the  phenomena  show  that  there  is  any 
tine  magnetic  influence  in  the  case ! 

330.  What  is  said  of  the  mingling  of  moral  and  physical  pei  f  eisiuu 
in  the  subjects  of  animal  magnetism  1     What  is  said  of  snggestire 


331.  What  is  said  of  the  exaltation  of  the  powers  of  the  senses  in 
the  subjects  of  animal  magnetism  ?  What  is  true  of  dairroyance,  so 
called?  What  is  said  in  the  note  of  test  evidence?  Grre  the  feet 
stated  in  illustration. 

332.  What  part  of  the  brain  has  an  especial  connection  with  the 
mind  !  What  is  the  chief  office  of  the  cerebellum  1  Giro  the  evidence 
from  comparative  anatomy  on  which  this  point  is  settled.  What  expe- 
riments lead  to  the  same  condusion  ?  What  two  reasons  are  given  why 
the  evidence  on  this  point  from  disease  is  defective !  What  fact  has 
been  observed  in  cases  of  disease  of  the  cerebellum  1  What  negative 
testimony  is  sometimes  afibidad  by  disease  in  legaid  to  the  office  of  the 
oerebelfaun  f 
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173.  What  fluid  circulates  in  Ihc  minute  cliBnncIs  in  bane,  shown  lo 
lu  by  the  micrmccpe  T  WIibI  it  said  of  Ibe  leDnibility  of  bone  !  Give 
a  general  destriplion  of  (he  Bkcleton.  noticing  tho  Taiiely  of  Bliape  in 
the  bone*,  and  Ilie  purpoerB  which  they  aniwer. 

175.  How  mui;  hones  are  there  in  the  head  7  How  many  of  these 
brlong  lo  the  fncel  How  many  to  Ihe  cranium  7  Describe  the  latter, 
as  represented  in  Fig.  87. 

176.  Why  it  the  box  (as  the  cnmium  may  be  called)  holding  the 
brain,  compoaed  of  »o  many  bones  1  Desciiiie  the  strucluro  of  Ihe  prin- 
cipal bonea  of  the  cranium.  What  is  the  difference  between  the  ioin- 
ingB  of  the  outer  and  those  of  the  inner  table*  of  these  honen  1  What 
U  the  reason  of  this  difTeronce ! 

177.  How  are  the  principles  seen  in  the  eonitnietion  of  domes  illus- 
trateil  in  the  cranium  !  Of  what  bones  ia  the  ilomo  of  the  cranium 
made  up.1  Describe  the  dilfcrent  ways  in  which  strength  is  secured 
around  the  base  of  this  dome.  Describe  especially  the  arrangement  be- 
tween the  parietal  and  temporal  bones, 

ITS.  When  violence  is  inSicled  upon  the  head,  what  ia  (he  direct  cause 
of  the  injurious  effects  felt  by  the  brain?  On  what  principle  do  the 
guards  of  the  brain  defend  against  this  cause  of  iujnry  f  Mcutioa  now 
in  their  order  the  different  tcitnrcs  through  which  the  vibration  of  ■ 
blow  must  pais  before  it  raachea  the  brain,  pointing  out  their  agency  in 
Icaseningthe  vibiation. 

179.  What  arrangement  is  there  of  the  lower  part  of  the  frontal  bone 
as  a  special  guard  against  injury  at  that  point  ?  How  ia  the  side  of  the 
head,  so  peculiarly  exposed  to  violence,  especially  guarded!  What  other 
organs,  beside  the  brain,  are  protected  by  the  cranium ! 

180.  Describe  the  arrangement  of  some  of  the  bones  of  the  face. 
Describe  the  cavities  of  the  nostrils,  and  the  sinuses  connected  with 
them.      What  is  the  object  of  the  great  extent  of  surface  in  these 

181.  Describe  Ihe  lower  jaw.  How  manv  distinct  structures  are 
there  in  the  teeth  '.     What  is  their  arranirenlent  ? 

182.  How  does  a  tooth  differ  from  a  bone  t  Wliat  is  the  reason  for 
this  difference!      What  is  the  ncfessily  for  having  a  second  set  of 

183.  Describe  Ihe  hyoid  bone,  its  position,  and  its  connections.  Men- 
tion other  bones  which,  like  this,  are  not  directly  connected  with  the 
bones  of  the  skeleton.  Of  Jiow  many  bones  is  the  spinal  colunin  com- 
posed! Acting  as  the  great  pillar  of  the  body,  what  does  it  support! 
V'hat  is  the  pxlestal  on  which  it  stands,  and  in  what  manner  u  this 
pedestal  made  firm!  While  this  column  is  thus  firm,  it  needs  to  be 
fleiible — how  is  Ibis  accompli  shed!  Notice  its  different  degrees  of 
flexibility  in  different  portions  of  it.  WTiy  is  there  so  little  motion  in 
that  portion  that  supports  the  frajnoworli of  the  chest! 

184.  Beridea  aerving  as  a  firm  pillar  and  a  flexible  chain,  what  other 
purpose  dopB  the  apinal  column  fiilBI !     Describe  a  vertebra.     By  what 

1S5.  Describe  the  eanal  in  this  column  for  the  spinal  marrow.  What 
is  the  arrangement  for  the  nerves  that  paaa  from  it  I      Hov        '  '^  ~  ' 

tilages  arranged !     What  two  purposes  do  they  subserve  1 

186.  What  is  then  in  tha  shape  of  Ihe  spinal  column  that  adiM 
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ing  on  this  pomt  has  th«  &ct,  that  th«  inteOeet  grows  widi  the  fafam,  and 
appean  at  last  to  perish  with  it ! 

342.  What  is  said  of  the  evidence  that  may  be  drawn  by  the  phja- 
ologist  from  the  design  obrioos  in  the  efibits  of  the  mtod !  Tnoe  the 
anuogy,  in  this  respect,  between  mental  phenomena  and  those  that  we 
see  in  the  common  operations  of  life,  both  animal  and  vegeCahle.  Sham 
how  the  analogy  hobs  sood  in  the  accommodation  to  Taiying  circmi- 
etances  in  the  cases  cited.  What  is  the  extent  of  the  analogy  seen  in 
the  phenomena  alluded  to  t  To  what  idea  has  the  contemplation  of  thii 
analogy  sometimes  led  1 

343.  Give  examples  of  phenomena  in  Tegetable  life,  that  are  often 
called  instinctiTe.  What  net  in  comparatire  physiology  is  strongly  ad- 
verse to  materialism  1  In  whidi  direction,  howerer,  on  the  whole,  does 
the  evidence  from  physiolo^,  taken  alone,  preponderate  ? 

344.  State  the  ground  df  the  great  need  which  the  physiologist  has 
of  the  evidence  from  other  sources  beside  his  physiology.  Wliat  is  the 
testimony  of  consciousness  in  relation  to  the  independence  of  the  sool 
in  its  acti<m !  \^'hat  in  regard  to  its  responsibility  for  its  acts  t  How 
hi  is  this  testimony  acted  upon  by  all,  when  physiological  ^>eculatioos 
aie  left  out  of  view  ! 

345.  What  does  the  evidence  from  consciousness  show  us  in  relatioo 
to  the  connection  of  the  mind  with  the  material  organization  t  To  what 
alternative  does  it  drive  us  1  How  is  this  testimony  of  consciousness 
treated  by  the  Bible  1  Illustrate  our  dependence  on  the  Bible  for  the 
proof  of  the  souFs  immortality. 

346.  How  may  the  discrepancies  in  the  evidence  from  physiology  in 
T^ard  to  the  connection  of  the  mind  and  the  body  be  cleaned  up  t 

347.  What  is  said  of  the  character  of  the  evidence  drawn  from  con> 
sdousness  and  Revelation  ?  What  is  said  of  the  presxmiptive  evidence 
from  physiolo^  in  comparison  with  it  I  ^^'hat  is  said  of  the  presoit 
moral  tendencies  of  physiological  investigations ! 

CHAPTER  XVIII. 

347.  Wliat  was  Lord  Monboddo*s  idea  of  the  development  of  man  1 

348.  What  recent  theory  has  an  analogy  to  this  ?  \Miat  is  true  of 
man  and  animals  in  relation  to  instinct  and  reason  I  Do  we  know  what 
the  nature  of  instinct  is !  Which  can  be  understood  best,  the  actions 
of  instinct  or  those  of  reason  1     Illustrate  this  point. 

349.  \Miat  seems  to  produce  the  actions  oi  instinct  ?  Wliat  influ- 
ence does  the  intelligence  of  the  animal  exert  upon  them  1  What  is 
said  of  the  invariableness  of  the  actions  of  instinct ! 

350.  Describe  the  nests  of  the  Baya  and  the  Tailor  Bird. 

351.  What  is  said  of  the  perfection  of  the  actions  of  instinct  1  Wliy 
are  the  cells  of  the  honeycomb  made  hexagonal  1  Describe  the  arrange- 
ment of  the  ends  of  these  cells.  Give  the  fact  stated  in  regard  to  the 
angle  made  by  the  sur&ces  at  their  ends. 

352.  How  IS  the  perfection  of  the  actions  of  instinct  seen  in  animals 
that  Uve  in  communities!  Describe  the  structure  of  a  wasp's  nest. 
Give  the  description  of  the  habits  of  the  beaver. 

354.  In  what  respect  may  instinct  be  said  to  be  blind  ?     Illustrate  b> 


T^linil^l  diudvanUge  do  mart  of  the  muadei  act,  u  repreaented  in 
Tu.  IIS! 

104.  Show  by  this  figure  how  qukkncu  of  moTement  u  gained  in 
tUa  eaae.  Why  ia  tlie  muacle,  tlie  deltoid,  whoae  action  ia  repreaented 
in  tliia  diagram,  ao  large  1 

SOS.  How  i*  the  mechanical  diaadTsntage,  which  thua  resuita  from 
the  oblitue  action  of  the  muaclei,  in  part  obTiated !  Illuatrate  by  Figa. 
lie  &  117.  Deacribe  the  agency  of  the  patella  in  thia  rtapect.  To 
what  eitent  ii  the  pulley  uwu  in  the  arnuigement  of  muaclea  T 

306,  Show  the  application  of  the  pulley,  aa  aeen  in  the  ankle. 

S07.  Deaciibe  tbe  pulley  arrangement  of  the  difiufru  muicle.  What 
ii  Iha  neceantj  for  such  an  airangcment !  What  other  office  doea  thia 
moacle  peifoim,  beaidei  drawing  down  the  lower  jaw,  and  how  doea  it 
do  it !  , 

am.  Describe  (he  muaclea  that  more  the  ball  of  the  eye. 

309.  What  ia  asid  of  the  aetiona  of  opponent  muaclea  t  What  ia 
Paley'a  eompariaon  1  la  it  atrictly  correct  *  Give  acme  ejampleB  of  the 
tone  amtTaclvm  of  muaclea.  What  ia  the  eauae  of  wry  neck,  and  of 
Bquintingl     Illuatrate  the  compound  action  of  rauacleB  by  Pig.  113. 

■fiect  (he  variety  of  motion  1  What  organ  peculiarly  eiemplifiea  Taii- 
cty  in  muacular  action  1  Giie  a  general  description  of  the  muaclea  of 
the  body,  aa  exhibited  in  Figa.  133  &  133. 

314.  What  ia  aaid  of  the  variety  of  size  in  muscles!  What  other 
paita  beaidea  the  bonea  are  moved  by  musclea  1  Mow  are  the  muscle* 
arranged  in  reference  to  convenience  and  nrnmetiyl 

SI6.  Deacribe  a  peculiar  arrangement  of  tendona  and  muaclea  in  the 
sole  of  the  fool.  Deacribe  the  arrangement  of  tendona  represented  in 
Fig.  124. 

SIS.  Deacribe  tbe  complicated  action  of  the  muscles  in  swallowing — 
and  in  speaking  and  singing.  How  are  the  epigloltia  and  the  laiynz 
uaed  in  theae  acts !  What  is  said  of  the  eaae  and  quickness  of  tha 
change  from  the  one  act  to  the  other! 

317.  Show  how  the  variety  and  complication  of  muscular  action  are 
illuatraled  in  aome  of  tbe  general  inoTements  of  the  body  : — aa  walUng, 
pulling  with  the  feet-braced,  and  balancing.  Deacribe  the  operation  of 
the  toggle-joint. 

318.  Give  eiamplea  of  the  application  of  this  operation  in  the  action 

319.  Haw  many  musclca  are  there  in  the  band  and  arm!  What  ia 
aaid  of  the  extent  of  the  variety  of  (heir  action  !  Contraat  the  hand, 
aa  doing  liebt  and  heavy  work.  Give  a  sommary  of  the  endowments 
of  the  hand! 

330.  Give  a  description  of  variona  muscular  morementa  that  may  be 
going  on  in  the  body  at  the  aame  time.    What  ia  the  muaculanaenae ! 

331.  Illuatrate  tbe  operation  of  it  in  varioua  ways.  Ia  thii  aenM  « 
Murce  of  enjoyment! 
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xequire  to  be  interpreted  by  muscular  action.  By  what  mode  of  maaca- 
lar  action  are  thought  and  feeling  mostly  communicated  1  What  lebb- 
tion  has  writing  to  this  mode  of  conmiunication  1  What  other  puts 
beside  the  face  are  brought  into  action  in  the  language  of  the  muscles  t 

223.  Illustrate  the  extent  of  this  language.  How  can  we  ^  the  best 
idea  of  its  eitent !  How  do  other  animals  differ  from  man  m  regard  to 
the  parts  used  in  the  language  of  the  muscles  t  What  pasdon  is  almost 
the  only  one  that  can  be  expressed  by  them  in  the  countenance  1  What 
distinction  is  sometimes  made  on  this  ground  between  man  and  other 
animals  1 

224.  What  are  the  principal  muscles  that  give  the  fiice  expression  ? 
How  is  a  smile  produced  1  How  is  sadness  expressed  1  How  do  smil- 
ing and  laughing  differ  in  the  action  of  the  muscles  1 

226.  How  does  weeping  differ  from  mere  sadness  in  muscular  action  ? 
What  pcculiaiity  is  there  m  nroscular  action  in  weeping  from  pain  1 

226.  To  what  is  to  be  attributed  the  apparent  expression  of  the  eye  1 
How  can  it  be  proved  that  the  eye  has  no  active  aeency  in  expression  1 

227.  What  is  the  common  notion  in  regard  to  uie  eye  as  a  means  of 
expression  1  How  far  is  expression  a  result  of  combined  muscular 
action  1 

228.  Describe  the  muscles  of  the  fiice,  with  the  action  of  each,  as  ex- 
hibited in  Fig.  130. 

229.  Describe  the  muscles  about  the  mouth,  as  shown  in  Fig.  131. 
,230.  In  what  way  is  the  expression  of  the  face  made  the  same  in  its 

tWQ  halves  1  What  nerve  governs  all  the  muscles  of  expression  in  the 
face  1     What  results  when  one  of  this  pair  of  nerves  is  paralyzed  ? 

231.  Is  there  commonly  any  one  muscle  devoted  to  the  expression  of 
any  one  emotion  or  passion  I  Does  the  same  muscle  often  take  a  part 
in  the  expression  of  various  emotions  t  Explain  the  agency  of  various 
muscles — the  frontal — the  comigator  supercilii — the  supeihus.  Illus- 
trate the  combination  of  muscular  action  in  expression,  as  shown  in  Fig. 
132,  and  also  in  Fig.  127 — giving  the  differences  in  them.  What  is  the 
action  of  the  muscles  in  quiet  sorrow ! 

233.  What  is  their  state  in  the  expression  of  a  calm  pleasure! 
What  in  the  expression  of  admiration  1  How  does  temperament  affect 
the  state  of  the  muscles  in  the  two  last-mentioned  expressions  1  De- 
scribe the  action  of  the  muscles  in  the  expression  of  rage.  By  what 
combination  of  the  action  of  muscles  are  the  canine  teeth  exposed  1 

234.  Describe  the  action  df  the  muscles  in  fear.  Show  how  it  differs 
from  their  action  in  rage. 

235.  Illustrate  the  agency  of  the  muscles  of  the  eyeball  in  expression. 
What  is  said  of  the  action  of  the  obhque  muscles  1 

236.  Wliy  is  the  intoxicated  man  apt  to  squint  and  to  see  double  1 
Why  does  he  raise  his  eyebrows  in  the  effort  to  keep  his  eyes  open  t 
What  muscles  of  expression  are  found  in  the  faces  of  animals  t  In  re- 
gard to  ^at  muscles  is  the  horse  specially  endowed  1  What  is  said  of 
the  muscles  that  distend  the  nostrils  in  the  case  of  man  t 

237.  What  muscles  of  expression  are  wholly  peculiar  to  man  1  Re- 
mark on  each.  What  are  almost  the  only  passions  that  can  be  expressed 
by  the  faces  of  animals !  What  special  provisions  are  there  in  some  for 
the  expression  of  rage — about  the  mouth,  and  the  eye  1    What  peculiar 
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pbenameaoa  in  tbe  refleelion  of  light  ii  asen  in  ths  sye  of  the  cat  tribe, 
■nd  trhnt  ii  the  exptanatioD  of  it  1 

S38.  GiTB  the  (ubstance  of  f  348  in  regard  to  thi  combination  of 

f  349  of  the  action  of  the  reit  of  the  bod;  in  eipre»ion  1 

239.  What  muscles  of  the  bod;  ijmpathiie  nuwt  with  Ihorc  of  the 
face  in  eipreuion  7  Give  eiamplei  in  iliuatialion.  What  eficcU  are 
produced  by  mental  emotionii  on  the  circulation !  What  ii  tbe  eipla- 
nation  of  blushing!  What  ia  said  of  (he  adaptation  of  the  countenance 
to  the  mind  ai  an  initiument  of  expreaiion !  Draw  the  analogy  be- 
tween tbe  hand  and  tbe  &ce  in  tbia  reipect 

S40.  What  ia  aaid  of  the  importance  of  training  tbe  mucctea  of  the 
face  !  How  far  doe*  beauty  of  countenance  depend  upon  muacular  ac- 
tion !  What  difference  ia  there  in  thie  reepect  between  the  living  conn- 
lenance.  and  the  face  of  a  atatue !      Gi»a  the  remark  of  Addi»on. 

all.  What  is  aaid  of  akiJl  in  the  use  of  the  muaclea  of  tbe  face  aa 
compared  with  those  of  the-  hand?  In  what  caaea  may  yon  Bee  this 
akill!  What  is  sud  of  mistakes  in  interpreting  the  language  of  the 
muscles  1  What  is  aaid  of  the  influence  of  moral  and  mental  culliia- 
Uon  upon  the  countenance! 

S43.  Explain  the  expression  of  the  countenance,  aa  seen  after  death. 
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S43.  What  principlea  apply  to  the  conitruction  of  the  apparatui  of 
the  voice  !  Illustrate  iCi  niperiority  to  other  inatrumenta  as  a  muaical 
instrument.     Why  most  particularly  distinguiahee  it  &om  (hem! 

244.  What  is  said  of  its  power  of  faacination  !  What  comparisonii 
made  in  (hia  reapcct  between  tbe  voice  of  conversation  and  that  of  Kmgl 
What  ia  aaid  of  the  variety  of  voices  in  tbe  brute  creation! 

£46.  Into  what  two  kinds  are  wind-inatniments  divided !  Eiplain 
tbe  manner  in  whicb  the  variation  of  note  ia  produced  in  thoae  of  the 
firat  kind,  by  reference  to  tbe  flute  and  the  trombone. 

246,  lltuatrale  the  aame  point  in  the  operation  of  the  flnte-stop  of  tlu) 
organ.  What  influence  does  the  width  of  tbe  vibrating  column  of  air 
have  upon  the  note!  How  is  the  note  varied  in  those  wind-initru- 
menta  m  which  Ibe  lensth  of  the  column  of  air  cannot  be  altered! 
How  are  the  variations  of  note  produced  in  whiatling  1 

347.  What  are  some  of  tbe  nind-inttruments  of  the  second  dan  1 
How  ia  the  sound  produced  in  Ibese  !  How  is  the  note  varied !  Illus- 
trate by  reference  to  the  reed-stopa  of  the  organ.  How  are  the  various 
notes  produced  in  the  clarionet  1  Trace  the  analogy,  in  the  application 
of  the  principles  of  musical  sounds,  l>etween  the  vibrating  column  of 
ur,  tbe  reed,  and  tbe  strings  in  such  instruments  aa  tbe  piano  and  Ti<^ 
lin.  Explain  the  relation  of  the  (iii<  of  the  reed-instrument  to  the  reed, 
M  aUled  in  4  366. 

248.  What  is  tbe  trachea,  and  of  what  ia  it  composed  t  Why  an  its 
linga  of  cartilage  not  perfect  rings  !     What  ia  the  buyrut ! 

249.  Deaciibe  the  parta  of  the  laryni  as  represented  in  Fig.  130. 
Describe  particularly  tbe  arrangement  of  the  arytenoid  cartila^i  and 
the  vocal  ligaments,  as  represented  in  Fin.  137  &  138. 

260    Describe,  by  means  of  Tig.  137,  £a  manner  in  which  the  differ- 
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Uy  of  the  tympanum  communicate  with  the  moath,  and  why  t     What 

r  of  the  ear  is  the  essential  part  of  the  apparatus  t     How  much  of 
apparatus  may  he  destroyed  without  entire  loss  of  hearing  t     Give 
the  case  related  by  Sir  Astley  Cooper. 

278.  Describe  the  parts  of  the  labyrinth.  In  what  different  wajs 
may  deafness  be  produced  by  defects  in  this  part  of  the  apparatus  1 

279.  Why  is  it  better  that  the  vibrating  substance  in  the  labyrinth  be 
a  fluid  than  a  solid  or  a  gaseous  substance  1  What  is  the  use  of  the 
chain  of  bones  1     Describe  the  chalky  concretions,  and  their  use. 

280.  What  is  the  use  of  the  fencMtra  rotunda  7  Describe  the  arrange- 
ment of  the  eocklia. 

281.  In  what  two  directions  is  the  vibration  of  the  fluid  in  the  laby- 
rinth transmitted  1  Wliat  is  the  coarse  of  the  vibration  in  the  cochlea? 
What  is  the  arrangement  of  the  membranes  in  the  cavities  of  the  laby- 
rinth 1    What  is  the  arrangement  of  the  nerves  in  the  semidrcular  canab  1 

283.  Describe  the  distribution  of  the  nerve  in  the  cochlea.  In  what 
two  ways  does  the  nerve  here  receive  impressions  from  the  vibrati<m  of 
thefluidi 

284.  Describe  now,  step  by  step,  the  process  of  hearing.  Is  all  our 
hearing  done  in  this  way  f  Give  examples  of  hearing  thrCMigh  the  bone 
enclosing  the  labyrinth.  How  does  the  apparatus  of  hearing  in  fishes 
differ  from  that  of  man  1  Why  is  it  less  complicated  than  m  animals 
that  live  in  airl 

285.  Mention  some  particulars  in  which  the  ear  of  birds  differs  from 
thut  of  man.  What  is  the  simplest  form  of  the  hearing  apparatus 
found  in  animals  1  What  are  some  of  the  suppositions  in  regard  to  the 
offices  of  particular  parts  of  the  labyrinth  1  What  is  true  of  them  1 
What  part  of  the  process  of  hearing  can  we  trace  and  understand  1 
How  much  do  we  know  about  the  transmission  of  the  impression  from 
the  fluid  through  the  nerve  to  the  mind  1 

286.  Is  it  true  that  the  eye  is  a  more  wonderful  organ  than  the  eart 
What  is  said  of  the  mingling  of  the  spiritual  and  the  simply  mechani 
cal  in  the  process  of  hearing  1     What  are  to  be  considered  the  two  eadu 
of  the  apparatus  of  hearing  1 
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287.  Into  what  two  parts  may  the  process  of  seeing  be  divided? 
What  principles  govern  the  construction  of  the  mechanical  part  of  the 
apparatus  1  What  is  the  object  of  its  arrangements?  How  is  the  sec- 
ond part  of  the  process  executed  1  How  does  the  trtasmission  of  light 
resemble  that  of  sound  1  What  is  the  refraction  of  light  ?  Illustrate 
by  Fig.  156. 

288.  How  are  the  rays  bent  in  relation  to  a  perpendicular  when  they 
pass  frt>m  a  denser  into  a  rarer  medium  1  How,  when  they  pass  from 
a  rarer  into  a  denser  1  How  are  the  rays  refracted  when  they  pass 
through  a  medium  that  presents  a  convex  surface  1 

289.  How  are  the  rays  refracted  when  they  pass  through  a  medium 
which  has  a  concave  surface  1 

290.  How  many  coats  has  the  eye  1  Describe  the  arrangement  of 
the  parts  of  the  eye,  as  represented  in  Fi«.  169.  What  is  the  use  of 
the  sclerotic  coat  1     How  is  the  cornea  fitted  into  it  1     What  is  the  color 


of  Uie  choroid  coot,  and  to  what  u  it  owingt  Of  what  ia  tha  retina 
etaeOy  composed  1  What  are  the  three  humon  of  the  ere  <  DeicTiba 
the  chamber  in  nhich  the  aqueoui  humor  is.  What  ii  ibe  conaiitwice 
of  the  ciyitalline  uumor  oi  fena  ?  Dciciibe  the  Titreoo*  homor.  Wh; 
u  it  cnUtd  Titreoua ! 

S91.  Deacribe  the  Tarioua  porta  u  they  are  more  minutelj  delineated 
in  Fig  ISO.  How  ia  the  aqueous  humor  formed  t  Hon  ia  it  continU' 
atl;  cbaacad !  Deacribe  the  membrajie  called  the  conjunctiva.  What 
are  the  cUiary  proceaaes  1     Deacribe  their  arrangement. 

393.  What  u  their  uaa  !  How  are  imagea  of  object!  formed  npon  the 
retina !    '  How  can  the  lact,  that  auch  imagea  are  formed,  be  proved ' 

303.  Why  are  theHt  imagea  imeited  ?  What  ia  th»  plan'of  a  camera 
obacun !  Compare  the  eye  in  ita  arrangemeiita  to  an  instrument  of 
tbiakind. 

394.  What  qualities  are  needed  in  the  cornea?  How  ia  ita  trani»- 
rency  secured  1  Why  is  it  more  convex  llian  the  acleratic  coat?  On 
what  doea  the  color  of  the  iria  depend  1  What  is  the  principal  office  of 
the  ilia!  By  what  arrangement  of  its  muscular. fibres  are  its  motiona 
effected  1  How  doea  the  pu[ul  differ  in  camiTorous  and  hertnToroos 
arumolsl 

SB5.  What  ia  the  office  of  the  ciystalline  lens  ?  What  is  ita  ahapel 
Ita  atnicture  ?  What  diseaae  haa  lU  seat  here !  What  are  the  three 
modea  of  remedying  the  difficulty  1  What  two  purposes  doea  the  eho> 
reid  coat  aerve  ?     Why  ia  its  color  dark  T 

39a.  What  ia  the  alate  of  the  cbonnd  coat  in  the  albinot  What 
gives  the  bright  red  or  pinky  hue  1«  the  iris  in  his  caae  1  How  doea  the 
color  of  the  choroid  coat  vary  in  different  animala !  What  ia  the  cits' 
ractei  of  the  retina,  and  iu  office  7  Trace  the  analogy  between  the 
optic  nerve  and  the  other  nerves  of  aenae  1  What  reaemblance  ia  there 
to  the  nerve  of  touch  in  its  termination  1  What  ia  the  defect  in  the  oiwra- 
tion  of  optical  inatruments,  called  apberica]  abemtion,  and  how  ia  it 
obviated  in  the  eye  7 

Z9T.  What  is  the  difficulty  in  the  operation  of  a  common  lens,  called 
chromatic  aberration  !  How  is  this  obviated  in  the  lens  t  How  in  the 
eye! 

398.  Contrast  the  eye  with  the  telescope  in  regard  to  the  bcility  with 
which  the  eye  accommodates  itself  to  objecta  at  different  distances.  In 
what  two  ways  ia  this  accommodation  effected  1 

399.  By  what  defecU  in  the  structure  of  the  eye  in  the  near-aighteJ 
ia  this  power  of  adjuatment  counteracted !  How  is  this  difficulty  ofari- 
atedt  In  what  way  ia  near-iigbledneas  often  produced  1  What  ia  the 
difficulty  in  the  &r-sighted  !  How  ia  it  obviated  1  At  what  different 
perioda  of  life  are  these  two  defects  apt  to  app^Bar,  and  why !  How  ia 
the  bet,  that  objects  appear  in  their  right  position,  ajtfaoagh  llieir  imagea 
are  inverted  on  the  retina,  sometimea  accounted  for  1 

BOO.  What  objection  is  there  to  this  expUnation  !  Upon  what  erro- 
neous idea  are  such  explanations  based  '  Do  we  really  know  how  tba 
mind  gets  the  right  idea  of  the  relative  podtion  of  objects ! 

301.  What  is  necessary  to  Bingle  vision  in  regard  to  the  two  images 
formed  in  the  two  eyes  ?  Why  do  you  see  double  when  yen  press  cue 
of  the  eyae  a  little  out  of  ita  pUce  t  What  is  neeeaasry  to  single  vialon 
b  the  action  of  tlw  mnadea  T    Why  doea  the  intpriraled  man  ofUn  aae 
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oonfutedTj,  or  even  sometimes  double  1    Relate  and  explain  the 
giTen  to  show  how  disease  may  produce  double  vision.    Why  b'there 
not  double  vision  ordinarily  in  squinting  1 

902.  When  are  the  two  images  in  the  eyes  alike  1  In  what  cases  are 
they  unlike  1  Relate  the  experiment  given  in  explanation.  How  is  it 
that  in  such  a  case,  while  there  are  two  images,  and  therefore  two  im- 
pressions sent  along  the  two  optic  nerves,  yet  the  impression  on  the 
mind  is  single  1  How  does  a  person  who  has  but  one  eye,  acquire  the 
idea  of  solidity  1 

303.  Explain  Professor  Wheatstone's  stereoscope  on  the  principlee 
developed  in  ^  454. 

304.  Menfion  the  particulars  in  which  the  harmony  of  action  in  the 
two  eyes  is  wonderful. 

305.  Notice  the  correspondence  between  the  two  eyes  in  that  part  of 
the  process  which  belongs  to  the  optic  nerves.  What  peculiarity  is  there 
in  the  arrangement  of  these  nerves  1  Do  we  instinctively  perceive  the 
sire,  distance  and  figure  of  objects,  or  is  it  an  acquired  power  1  Relate 
in  illustration  the  case  given  by  Cheselden. 

806.  How  does  the  experience  thus  related  compare  with  the  experi- 
ence of  the  child  in  learning  to  see!  Give  the  analogy  between  learn- 
ing to  see  and  learning  to  walk  or  talk.  In  learning  to  appreciate  the 
sixes,  shapes  and  distances  of  objects,  what  sense  acts  as  the  educator 
of  vision  f  What  is  said  of  the  frequency  of  mistakes  in  vision  t  What 
of  skill  in  seeing !     What  is  the  visual  angle  7 

307.  Can  we  get  a  correct  idea  of  ma^tude  by  the  visual  angle 
alone  1  Illustrate  by  the  Figure.  What  circumstance  must  be  known 
in  regard  to  an  object,  in  order  to  have  our  estimate  by  the  visual  anffle 
correct  1  Mention  another  means  that  we  use  in  connection  with  toe 
visual  anele.  Give  examples  of  mistakes  that  we  are  apt  to  make  in 
the  use  of  this  means. 

808.  Illustrate  the  manner  in  which  we  get  ideas  of  the  magnitude  of 
objects  by  comparison.  Show  how  we  sometimes  are  made  aware  of 
our  dependence  on  this  source  of  evidence.  Why  does  the  moon  ap- 
pear so  large  when  rising  1  Explain  the  upe  of  the  muscular  sense  m 
acquiring  an  idea  of  the  size  and  distance  of  objects.  What  use  is 
made  of  it  in  looking  at  very  near  objects  1  What  is  said  of  our  consci- 
ousness of  the  effort  in  doing  this  ? 

309.  Why  can  you  not  judge  accurately  of  the  locality  of  very  near 
and  minute  objects  when  you  use  but  one  eye  t  What  do  we  oioaerve 
in  regard  to  the  use  of  the  convergence  of  the  eyes,  when  we  look  at 
the  eyes  of  others  t  How  far  is  seeing  a  mental  process  1  A^liat  is 
said  of  the  conmion  notion,  that  it  is  a  srniple  and  easy  process !  What 
is  said  of  the  training  re'quired  for  its  performance  t 

310.  Do  all  the  images  formed  on  the  retina  transmit  impressions  to 
the  mindl  Illustrate  b^  reference  to  squinting.  Also  illustrate  in 
reference  to  ordinaiy  vision  by  an  experiment.  Explain  this  by 
Fig.  176.  J  J  r-  if  J 

311.  Show  now  how  it  is  that,  notwithstanding  the  fiicts  stated  in 
^  464,  we  are  not  conscious  of  seeing  double.  Show  too  how  we  can 
by  an  effort  of  the  will  have  this  consciousness. 

312.  What  is  the  point  of  distinct  vision,  as  it  is  called!  Show  how 
the  mental  attention  makes  use  of  this — how  in  looking  at  an  object— 


piclurei  fbriDEd  on  the 

■ud  of  Ibe  delicacj  of  the  procpu  b^  wbich  Ihia  it  liune  ?  llluitratt 
the  frequent  emineousneaB  of  our  unpreBBions  in  raguil  Ut  motion- 
Why  is  il  that  wben  we  are  moving  rapidly,  near  object*  seem  to  By 
back»  and  diatant  objects  eeem  to  go  along  with  ua  ?  llliutrale  by  tbe 
Fignre. 

314.  What  ie  said  of  the  rapidity  with  which  impreBsioiu  received 
from  the  images  on  tbe  retina  succeed  each  other  t  Show  bow  tbja 
■naj  be  mcaaiued  by  eiperiment.  To  what  ia  tbe  dilTercnce  in  time 
retfuiied  for  distinct  transmission  in  different  individuals  owing  '.  Trace 
the  analogy  between  this  diiference  and  that  which  we  see  in  diflerent 
inditidaals  in  reganl  to  tbe  use  of  tbe  muacles. 

315.  Eiplain  tbe  Thaumatrope.  How  is  the  eye  situaied  so  ai  to 
proloet  sgainn  injury !  How  does  the  custuon  of  lat  on  which  it  rests 
serve  to  protect  il  1  In  what  two  ways  does  the  muscle  that  closes  the 
eyelids  serve  as  a  protection  to  the  eye ! 

3i6.  How  is  il  protected  by  the  eyelashes  \  How  by  the  ejebrawi  1 
How  are  the  cycliJs  construct*^  in  reference  to  the  protection  of  the 
eye  %  Haw  do  the  tears  Bcrve  as  a  protection  1  Why  do  fishes  have  do 
tear-appatatus  7 

317.  Dencribe  the  anangemenl  of  Ihe  tear-apparatus.  'Whv  do  the 
teara  averflow  the  cdees  of  the  eyelids  when  they  are  abundsnl  f  What 
arranecment  of  glands  is  Ibere  on  the  eyelids  \  What  two  purposes 
doea  the  oily  sntwlance  formed  by  them  serve  T  How  are  tbe  tears  con- 
ducted into  the  mouths  of  the  ducts  when  tbe  eyelids  arc  closedl  De- 
scribe the  nictitating  membrane  in  Ibe  eyes  of  bijds. 

CHAPTER  XVII. 

J18.  (iite  the  recapitulation  presented  in  t)  476. 

319.  M'haC  is  said  of  the  brain  as  tbe  orsui  of  the  mind !  What 
facts  show  that  motion  and  sensation  are  dependent  on  the  brain  1 
How  does  it  appear  that  tbe  mind  thinks  only  by  means  of  the  brain  ? 
How  is  life  continued  when  sensation,  moliun,  and  thought  are  stopped 
by  compression  of  the  brain  T  How  does  the  variation  of  the  degree  of 
comprEaaion  va^  the  elTed  on  tbe  mental  functions !  How  is  the  de- 
pendence of  the  mind  on  the  brain  shown  in  disease  ! 

3S0.  or  what  it  inauiity  always  the  result  I     How  do  moral  causes  > 

C reduce  it !  If  the  mind  were  separate  from  I)ie  body,  could  insanity 
9  produced  in  it !  Can  the  disease  in  the  organization  in  insanityi 
bo  always  discovered  in  an  examination  after  deuh  1  Describe  the  situ- 
ation of  the  brain  and  its  immediate  connections. 

321.  What  is  said  of  the  face  !  Illustrate  the  rapidity  of  the  commu- 
nication between  the  mind  and  the  dilfeient  parts  of  the  body.  In  exe- 
cuting muscular  motion  skilfuily,  is  any  aasisUnee  derived  from  a  knmr- 
ledge  of  the  ^rticulat  muscles  \  By  what  arrangement  is  Ihe  mind 
enabled  to  excite  so  accurately  the  motion  of  the  muscular  fibns  * 

3T  , 
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822.  Upon  what  besides  combined  action  in  the  mascles  does  the 
less  variety  in  motion  depend !  Mention  some  cases  in  which  we  best 
realize  the  variety  and  accuracy  of  the  messages  sent  from  the  brain  to 
the  muscles.  What  is  said  of  the  training  of  the  organs  of  sense  mni 
of  motion  1  What  of  the  amount  of  knowledge  acquired  by  the  cHuM 
in  the  first  years  of  his  life  1 

323.  Describe  the  training  of  the  muscles  in  the  child.  What  is  traa 
of  what  is  called  native  grace  1  What  is  said  of  the  training  of  the 
muscles  of  the  face  1 

324.  What  is  said  of  skill  in  the  use  of  the  muscles  1  What  is  said 
of  the  training  of  the  senses  1  How  do  other  animals  differ  firom  man 
at  the  first  in  the  use  of  the  muscles  aiid  the  senses !  How  do  they  dif> 
fer  from  him  in  the  amount  of  skill  that  training  gives  !  ^ 

825.  Illustrate  the  fact,  that  the  senses  and  muscles  are  mutual  teach- 
ers in  their  training.  How  does  the  dependence  of  the  mascles  on  the 
senses  difier  from  that  of  the  senses  on  the  muscles  1  What  fiict  iliua- 
trates  the  absolute  dependence  of  the  muscles  on  the  senses !  In  the 
education  of  the  muscles  and  the  senses,  what  is,  strictly  speaking, 
educated  or  trained  1  Illustrate  by  reference  to  the  idiot  and  the  deu 
mute. 

326.  What  is  said  of  the  muscles  of  the  face  in  the  idiot  1  Why 
does  not  the  education  of  the  muscles  extend  to  those  that  are  involun- 
tary 1 

327.  What  difference  is  there  in  the  different  stages  of  the  training 
of  the  muscles  in  the  degree  of  cognizance  which  the  mind  takes  of 
their  action  1  Illustrate  by  reference  to  learning  to  walk,  to  read  and  to 
sing.  What  has  been  the  general  belief  in  regard  to  the  means  of 
communication  between  different  minds  1 

328.  What  is  claimed  by  some  on  this  point  in  regard  to  what  is 
called  animal  magnetism  ?  What  has  alwttys  been  found  to  be  true  of 
this  when  its  pretensions  are  properly  tested  1  Illustrate  the  manner  in 
which  this  was  done  in  one  case. 

329.  What  is  said  of  the  illustrations  afforded  by  animal  magnetism 
of  the  influence  that  can  be  exerted  upon  the  body  through  the  mind  ? 
To  what  diseased  states  is  the  condition  produced  in  the  subject  analo- 
gous 1  Does  the  explanation  of  the  phenomena  show  that  Uiere  is  any 
true  magnetic  influence  in  Uie  case  1 

330.  What  is  said  of  the  mingling  of  moral  and  physical  perversion 
in  the  subjects  of  animal  magnetism?  WYiat  is  said  of  suggestive 
influences  f 

331.  What  is  said  of  the  exaltation  of  the  powers  of  the  senses  in 
the  subjects  of  animal  magnetism  1     What  is  true  of  clairvoyance,  so 

> called]     What  is  said  in  the  note  of  test  evidence?     Give  the  &ct 
stated  in  illustration. 

332.  What  part  of  the  brain  has  an  especial  connection  with  the 
mind  ?  What  is  the  chief  office  of  the  cerebellum  ?  Give  the  evidence 
from  comparative  anatomy  on  which  this  point  is  settled.  What  expe> 
riments  lead  to  the  same  conclusion  ?  What  two  reasons  are  given  why 
the  evidence  on  this  point  from  disease  is  defective  ?  What  fact  has 
been  observed  in  cases  of  disease  of  the  cerebellum  ?  What  negative 
testimony  is  sometimes  afibidad  by  disease  in  regard  to  the  office  of  the 
cerebellum  1 


S93.  Give  the  lunimtkiy  of 
ative  physiology  of  ihc 
■aid  of  ihe  conipojalivo 


■ultii  arrived  al  by  rtodying  Iho  compar- 
1  syslpm,  a>  ■talcd  in  ^  502.  What  ii 
»  o(  the  white  and  tho  gray  lubsliLnce  in 
nurcis  or  evidence  in  regard  to  the  func- 


it  part  of  the 


le  caniporaUvo  amuun 
tne  brain  ?  ^Vhal  aro  the  two 
tion  of  the  gray  substance  1 

334.  What  evidence  ie  there  in  regard  to  phrenology  fram  the  amuige- 
mrnt  of  the  gray"  snbiitance  7  Whst  a  the  concliuion  froin  alt  the  facta 
collected  in  relation  to  the  external  exainination  of  the  head  ?  What 
evidence  ia  the  real  leit  of  the  prelenaiona  of  phrenology ! 

335.  Uliat  ia  Ime  of  the  pretended  localjly  of  ornni  in  the  region 
of  the  frontal  ainni  ?     What  of  the  organs  aaid  to  be  m  that  part  of  the 
hesd  where  the  cerebellum  is  >.     What  la  the  only  fac( 
coimlenance  to  phrenology  !     Why  dc         '  *    "       '' 
sDfqial  seat  of  the  inlelleciuol  faculliei 
the  head  1     What  evidence  have  we  on  this  paiiii 
furnished  by  disease  and  injuries  1 

336.  What  is  the  /octal  angle  ! 
Ihia  between  the  akull  of  the  I 
What  between  the  skull  of  animals  and  that 
common  measure  of  this  angle  in  ancient  BLatues  of  deities  and  bcroea ! 
What  is  sud  of  (he  nlle,  that  the  amount  of  intelligence,  both  in  man 
and  in  animahi,  is  proportioned  to  the  amount  of  the  cerebrum  1 

337.  What  bets  show  that  size  is  (ar  from  being  the  only  measure  of 
power  in  case  of  the  brain !  In  studying  the  comparative  physiology  of 
the  brain,  what  significant  tact  do  we  And  when  wo  come  (o  pasi  6vm 
the  higher  animals  to  man  1  Of  what  character  is  the  mental  difference 
between  them  and  man  7  What  ia  aaid  of  the  definilcncss  of  the  dia- 
tinction  between  man  and  animala  ! 


1 


r  Ihe  body  ?     What  might  wo  infer  from  the  oloseneaa  of 
this  union  in  regard  to  death,  if  ve  hid  no  Itevalaliun  7 

339.  What  ia  said  of  the  supposed  independence  of  Iho  mind  on  the 
body  '.  Is  there  proof  (hat  mind  'u  of  itself  indestructible  ?  What  are 
the  three  sources  of  our  knowledge  in  relation  to  the  conneotion  of  the 
mind  and  Iho  body  ?  What  is  the  consetjuence  if  we  rely  upon  any  one 
of  these  alone  T  What  is  the  alternative  to  which  one  is  driven,  if  he 
confine  himself  to  the  evidence  which  physiology  furnishes!      What 


who  takfi  this  narroi 


rtion  between  organised  and  unorgan- 


anly  pursued  b; 
subject  t 

340,  Wliat  is  said  of  the  dif 
iied  matlerl  What  are  the  i 
dowroent  of  organiied  or  living  matterl  What  ia  said  of  those  endow- 
ments of  living  matter  that  are  connected  with  the  nervous  system  1 
What  question  now  arises  in  relation  to  intelligence  in  its  conueclion 
with  mailer  t 

341,  What  does  physiology  show  us  in  regard  to  this  • 
Point  out  the  deficiencies  of  IW  leaching  in  relation  to  the  rmlure  of  this 

leclion.  What  i*  the  tendency  of  its  presumptive  evidence !  Looli- 
it  the  subject  solely  in  the  liahl  of  physiology,  what  would  ballw 
concluaion  in  regard  to  the  dependence  of  mind  on  arganization,  wh-" 
we  obaerra  the  origin  and  growth  of  a  thinking  animal  ?     Whtt  bi 
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ing  on  this  point  has  the  fact,  that  the  intellect  grows  with  the  brain,  and 
appears  at  last  to  perish  with  it  1 

842.  What  is  said  of  the  evidence  that  may  be  drawn  by  the  phyd- 
oloffist  from  the  design  obvious  in  the  efforts  of  the  mind  1  Trace  the 
anuogy,  in  this  respect,  between  mental  phenomena  and  those  that  we 
■ee  in  the  common  operations  of  life,  both  animal  and  vegetable.  Show 
how  the  analogy  holds  good  in  the  accommodation  to  varying  circum- 
stances in  the  cases  cited.  What  is  the  extent  of  the  analogy  seen  in 
the  phenomena  alluded  to  1  To  what  idea  has  the  contemplation  of  this 
analogy  sometimes  led  1 

343.  Give  examples  of  phenomena  in  vegetable  life,  that  are  often 
called  instinctive.  What  fact  in  comparative  physiology  is  strongly  ad- 
Terse  to  materialism  1  In  which  direction,  however,  on  the  whole,  does 
the  evidence  from  physiologv,  taken  alone,  preponderate  1 

344.  State  the  ground  of  the  great  need  which  the  physiologist  has 
of  the  evidence  from  other  sources  beside  his  physiology.  What  is  the 
testimony  of  consciousness  in  relation  to  the  independence  of  the  soul 
in  its  action  1  What  in  regard  to  its  responsibility  for  its  acts  1  How 
fiur  is  this  testimony  acted  upon  by  all,  when  physiological  speculations 
are  left  out  of  view  1 

345.  What  does  the  evidence  from  consciousness  show  us  in  relation 
to  the  connection  of  the  mind  with  the  material  organization !  To  what 
alternative  does  it  drive  us  1  How  is  this  testimony  of  consciousness 
treated  by  the  Bible !  Illustrate  our  dependence  on  the  Bible  for  the 
proof  of  the  soul^s  immortality. 

346.  How  may  the  discrepancies  in  the  evidence  from  physiology  in 
regard  to  the  connection  of  the  mind  and  the  body  be  cleared  up ! 

347.  What  is  said  of  the  character  of  the  evidence  drawn  from  con- 
sciousness and  Revelation  1  What  is  said  of  the  presumptive  evidence 
from  physiology  in  comparison  with  it  \  What  is  said  of  the  present 
moral  tendencies  of  physiological  investigations  1 

CHAPTER  XVIII. 

847.  What  was  Lord  Monboddo's  idea  of  the  development  of  man  ! 

348.  What  recent  theory  has  an  analogy  to  this  1  ^liat  is  true  of 
man  and  animals  in  relation  to  instinct  and  reason  1  Do  we  know  what 
the^  nature  of  instinct  is  1  Which  can  be  understood  best,  the  actions 
of  instinct  or  those  of  reason  1     Illustrate  this  point. 

349.  What  seems  to  produce  the  actions  of  instinct  1  What  influ- 
ence does  the  intelligence  of  the  animal  exert  upon  them  1  What  is 
said  of  the  invariableness  of  the  actions  of  instinct ! 

360.  Describe  the  nests  of  the  Baya  and  the  Tailor  Bird. 

851.  What  is  said  of  the  perfection  of  the  actions  of  instinct  1  Why 
are  the  cells  of  the  honeycomb  made  hexagonal  1  Describe  the  arrange- 
ment of  the  ends  of  these  cells.  Give  the  fact  stated  in  regard  to  the 
angle  made  b^  the  surfaces  at  their  ends. 

852.  How  IS  the  perfection  of  the  actions  of  instinct  seen  in  animals 
that  live  in  communities]  Describe  the  structure  of  a  wasp's  nest. 
Give  the  description  of  the  habits  of  the  beaver. 

854.  In  what  respect  may  instinct  be  said  to  be  blind  1     Illustrate  b} 


AFFlNmX.  441 

fefinence  to  imimile  that  provide  fiir  a  progmj  which  they  ue  never  to 


366.  Why  ie  it  often  difficult  to  distinguish  between  the  results  of 
reason  and  those  of  instinct !  What  would  be  true  of  instinct  if  it 
were  at  all  rational  1  Under  what  circumstances  is  there  perfection  in 
the  actions  of  instinct !  Under  what  circumstances  does  it  fail  1  Con* 
trast  instinct  and  reason  in  this  respect.  Give  some  illustrations  of  the 
characteristics  of  instinct  alluded  to. 

366.  Give  Mr.  Broderip*s  account  of  the  beaver.  If  the  beaver  in  this 
case  had  been  guided  by  reason,  what  would  he  have  done  1  How  &r 
is  the  care  thai  animals  take  of  their  progeny  governed  by  a  blind 
instinct  ?  What  is  said  of  the  tonporaiy  character  of  parental  affection 
in  their  case  ?     In  what  case  is  there  no  affection  at  all  1 

367.  What  degree  of  intelligence  is  shown  in  the  power  of  imitation 
in  animals  1  How  do  animab  show  that  they  reason  1  How  faj  did  the 
beaver,  whose  stoiy  is  given  in  4  641,  reason  1  How  does  the  charactor 
of  the  inferences  made  by  animals  differ  from  that  of  those  made  by 
man  ?  Illustrate  by  reference  to  Newton  and  his  dog.  Of  what  are  the 
inferences  made  by  animals  the  results  t 

368.  When  the  processes  of  thought  in  animals  are  extended  and 
complicated,  what  is  true  of  them  t  Illustrate  by  examples  the  extent 
to  wnich  mental  association  may  be  carried  in  the  animal. 

369.  How  do  animals  learn  the  relation  of  cause  and  effect  1  Ilhis- 
trate  by  examples.  How  does  this  knowledge  of  cause  and  effect  differ 
in  man  and  in  animals?  Is  the  mental  difference  between  man  and 
animals  one  of  deme  only! 

360.  What  attnbute  constitutes  the  great  superiority  of  the  human 
mind!  Show  how  this  attribute  is  the  origin  of  language  in  man. 
What  is  the  character  of  the  language  of  animals  1  Wny  cannot  they 
have  a  language  of  arbitrary  sicns  1  What  is  the  source  of  man's  be- 
lief in  a  Creator  1  Illustrate  this  point  Is  this  belief  tmp^a^«i  in  the 
nnnd  1  What  two  suppositions  have  been  offered  in  relation  to  con- 
science? 

361.  What  is  said  of  the  doubts  which  some  entertain  as  to  the  exist- 
ence of  conscience  !  What  is  true  of  those  cases  in  which  animaia 
seem  to  some  to  have  a  moral  sense  1  Illustrate  the  &ct  that  in  comnum 
language  we  recognize  the  difference  between  man  and  animals  as  to 
the  possession  of  a  conscience.  Give  a  summary  of  the  mental  differ- 
ences between  man  and  animals. 

362.  Give  the  gradations  which  we  find  in  the  nervous  system  as  we 
trace  the  animal  kingdom  upward.  Why  does  instinct  collect  no  expe- 
rience  1  What  is  the  difference  between  the  two\inds  of  reasoning, 
before  spoken  of,  in  collecting  experience  1  What  is  said  of  the  amount 
of  improvement  of  which  some  animals  are  capable  by  means  of  the 
lower  order  of  reasoning  1 

363.  What  is  the  basis  of  improvement  in  man  1  What  ordinarily 
constitutes  the  intellectual  superiority  of  one  man  to  another  ?  In  wha^ 
consists  the  merit  of  an  inventor  or  discoverer?  Illustrate  by  reference 
to  Jenner.  What  is  the  difference  between  the  capabilities  of  instinet 
and  those  of  reason  in  the  rapidity  .of  their  development  ?  Which  fbnn 
of  reasoning  is  developed  first  ? 

364.  Is  the  higher  rtasoning  to  some  extent  developed  quite  early  I 
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What  is  said  of  its  deficiency  in  those  cases  in  which  the  oiganization 
is  defective  1  What  is  said  of  the  achievements  of  this  reasoning  power  1 
What  of  the  separation  it  makes  between  man  and  animals  t  What  is 
said  of  the  slowness  of  development  of  man*s  physical  stmctarei 
What  is  Uie  general  law  as  to  the  development  of  capabilities,  both  men- 
tal and  physical  1 

866.  What  is  said  of  the  prominence  generaUy  given  to  the  difference 
between  man  and  nT\iT"*l«  in  regard  to  physical  en£wments  1  Illustrate 
by  reference  to  the  hand.  In  all  ammals,  to  what  are  bodily  endow- 
ments suited  1  Mention  some  bodily  endowments  in  which  some  animals 
excel  man,  and  state  the  reason.  In  what  respect  is  man  most  signally 
superior  to  animals  in  physical  endowment!  Illustrate  this  by  refer- 
ence to  the  hand  and  the  vocal  organs. 

366.  Illustrate  the  same  point  by  the  general  motions  of  the  body. 
What  is  said  of  the  human  form  in  repose  1  How  do  we  get  the  most 
perfect  idea  of  the  superiority  of  the  human  organization  1 

CHAPTER  XIX. 

367.  Mention  some  of  the  contrasts  which  we  find  on  locdung  over 
the  human  race.  How  many  varieties  of  the  race  are  commonly  reck- 
oned 1     What  are  the  characteristics  of  the  Caucasian  variety  1 

368.  What  are  the  characteristics  of  the  Ethiopian  varieties — the 
Mongolian — ^the  American — the  Malay  1  What  is  said  of  the  extent 
to  which  the  race  may  be  divided  into  varieties  ? 

369.  What  is  said  of  the  way  in  which  national  differences  are  pro- 
duced !  What  is  the  opinion  of  most  naturalists  in  regard  to  the  pro- 
duction of  the  races  1  What  is  the  doctrine  of  Profeswr  Agassis  and 
others  ?     State  the  grounds  on  which  he  bases  his  doctrine. 

370.  What  is  his  opinion  in  regard  to  climatic  and  other  influences  1 
What  is  his  opinion  of  the  history  fiven  in  Genesis  ?  Are  the  different 
branches  of  the  race  in  his  view  different  species,  or  mere  varieties ! 
What  is  the  distinction  between  a  species  ana  a  variety  1 

371.  Mention  the  influences  included  in  the  expression,  climalic  and 
other  tnfliiencet.  What  is  said  of  the  influence  of  climate  1  What  is 
the  circumstance  which  has  most  influence  in  producing  varieties  in  man 
and  in  animals  1  What  is  included  in  the  term  domesttcation  f  What  is 
the  precise  question  in  regard  to  climatic  and  other  influences ! 

372.  Mention  some  facts  that  show  that  climate  has  a  great  influence 
on  the  color  of  the  race.  What  influence  do  intellectual  and  moral 
causes  exert  upon  the  shape  of  the  head  1 

373.  What  is  sain  of  certain  changes  in  form  produced  by  causes,  the 
operation  of  which  we  do  not  understand  1  What  are  the  three  differ- 
ent types  of  form  in  the  head  stated  by  Dr.  Pritchard,  and  by  what 
causes  are  they  produced  T  State  in  regard  to  each : — the  prognathtms 
— the  pyramidal — ^the  oval.  Give  some  fsicXa  showing  that  these  types 
are  convertible  into  each  other. 

374.  What  is  said  of  the  insensible  gradations  by  which  the  varieties 
of  the  race  pass  into  each  other !  What  two  objections  are  brought 
against  the  alleged  Competency  of  climatic  and  other  influences  to  pro- 
duce the  varieties  of  the  race  1  What  great  &ct  is  a  sufficient  reply  t« 
these  objections  1    State  and  illnstnte  tSis. 
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876.  Applythit  &ct  in  explanatioii  of  tiie  pnMbctmi  €f  Iht 
of  the  human  nee.    What  i»  said  of  Uie       ~ 


man  and  animaU,  in  oompariwm  with  that 

tried  to  eatabliah!     What  consideration  wc  ^ 

376.  If  the  climatic  and  other  influences  appear  to  anj  ooe  "t^mrpf 
tent  to  produce  the  Tarieties  of  the  race,  is  he  driiren  nnnrssiril/  to  ad 
mit  its  multiple  origin  1  What  is  said  of  the  occasional  intiodoetion  oi 
new  causes  by  the  Creator  t  Upon  what  do  our  calculatioos  upon  the 
regularity  of  nature  depend  ?  What  is  said  of  the  Avm  in  the  ag« 
of  man  effected  at  the  time  of  the  flood !  What  is  saad  of  the  oee»- 
sional  appearance  of  new  diseases  ? 

377.^  What  is  said  of  the  conmlsioiis  which  have  eridently  takco 
place  in  the  earth  1  Does  it  make  any  difference  to  the  aignment, 
whether  the  results  came  directly  from  causes,  orfrom  acfaain  of  eaoees  1 
Apply  the  argument  to  the  production  of  the  varieties  of  the  nee. 
What  is  said  of  the  objection  to  the  argument,  that  it  is  suppoaiiif  a 
miraculous  interposition  t 

378.  Is  the  supposition  thus  made  needed  1  What  is  said  of  it  id 
comparison  with  the  supposition  of  Agasns  1  On  what  principles  is  the 
testimony  of  the  Bible  as  to  the  origin  of  the  race  to  oe  interpreted  1 
What  are  the  main  &cts  which  it  gives  in  rdatkm  to  it  1  How  is  the 
truth  of  its  testimony  confirmed  1 

379.  Of  what  force  is  analogical  and  presumptire  evidence  in  oppo- 
sition to  it  1  Is  any  fear  to  be  entertained  in  regard  to  bringing  the 
Bible  to  the  test  of  ascertained  facts  t  If  the  account  in  Genesis  be 
true,  to  what  altematiire  are  the  advocates  of  the  multiple  oricin  of  the 
race  driven  1  How  does  it  appear  that  the  truth  of  the  BiUe  and  the 
unity  of  the  race  must  stand  or  &11  together  1  Does  the  argument  hold 
good,  even  if  the  Mosaic  account  be  considered  a  nnrth  ? 

380.  What  is  the  general  conclusion  in  view  of  the  whole  subject  t 
What  moral  bearing  has  the  doctrine  of  the  unity  of  the  race  1^  What 
is  said  of  the  pretended  resemblance  between  the  Ethiopian  variety  and 
the  monkey  tnbe  of  animals  1 

CHAPTER  XX- 

381.  What  is  said  of  the  dtversi^  in  the  manifestations  of  lift  1 
How  is  life  always  the  same  in  relation  to  its  origin  t  Remark  on  the 
wonderful  variety  of  results  worked  out  hj  the  vital  force  beginning  in 
a  simple  cell  now  is  life  always  essentially  the  same  in  tto  proceesee 
as  well  as  in  its  origin  1 

382.  Do  we  know  what  life  is  1  How  does  the#ital  force  differ  ham 
such  forces  as  light,  heat,  and  electricity,  in  regard  to  tto  power  of  dUlo- 
sion !  How  in  regard  to  self-generatiou  I  How  in  regard  to  Ihe  Tarietj 
of  its  effecto ! 

383.  Do  we  know  wKether  lift  is  one  thin^l  What  is  said  of  the 
supposition,  that  the  principle  of  life  resides  chiefly  in  Ihe  blood  1  What 
are  the  reUtions  that  exist  m  living  bodies  between  the  laws  of  chemis- 
try and  mechanics  and  those  of  Ufel  Illustrate  this  point.  What  is 
nid  of  the  materials  of  wluch  the  human  body  is  composed,  and  of  the 
degree  of  heat  in  which  th^  are  kept  1 

384.  Show  the  difference  in  the  operation  of  heat  on  dead  and  on  bv 
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.  ing  matter,  at  leen  in  the  egg.  How  is  the  power  of  the  vital  force  ex- 
U&ted  in  the  uniformity  of  the  heat  of  the  body  1  What  is  said  of  the 
ehanges  going  on  by  the  operation  of  the  vital  force  1  Remark  on  the 
dormant  condition  of  this  force  in  the  case  of  seeds. 

886.  Remark  on  the  analogy  between  th^  hibernation  of  animals  and 
the  state  of  most  of  the  vogetable  world  in  winter.  What  portions  of 
the  human  system  are  some  of  the  time  dormant,  and  wh^  1  What  is 
the  most  mysterious  circumstance  in  regard  to  the  vital  force  1  Show 
how  the  soul  and  the  vital  force  are  two  distinct,  and,  in  some  measare, 
4qpposing  forces.  In  what  different  senses  are  they  k>oth  present  every- 
where in  the  system  1 

886.  What  is  said  of  the  development  of  the  soul  in  the  body? 
What  of  the  mysterr  of  this  connection  1  What  is  said  of  the  limit  of 
the  vital  force  1  What  facts  show  that  the  endowments  of  lifis  are  not 
eommonly  all  destroyed  at  the  moment  of  death  1 

887.  "What  is  the  distinction  between  syatemic  and  moUeular  death ! 
What  three  great  systems  of  the  body  are  each  essential  to  the  continu- 
ence  of  lifo  1  How  may  death  begin  in  the  dradating  system  1  Give 
the  three  classes  of  causes  by  which  death  may  begin  m  Uie  res^^tUory 

388.  Give  examples  of  death  beginning  in  the  nervous  system.  lUue- 
trate  the  fact,  that  death  is  commonly  a  complex  event  What  is  said 
CKf  the  signs  of  death  1 

889.  What  is  said  of  the  clearness  of  the  evidence  in  all  ordinary 
eases  in  regard  to  the  fiict  of  death  1  In  the  very  few  cases  in  whi^ 
there  is  any  doubt,  what  course  should  be  pursued  ?  What  light  can 
physiologT  give  us  in  relation  to  what  is.  beyond  this  life  V^  What  is 
•aid  of  the  conjectures  on  this  subject  which  its  investigations  may 
prompt  1 

CHAP'^  XXL 

-  390.  From  what  two  sources  are  the  rules  of  hygiene  to  be  learn- 
ed 1  How  far  is  a  knowledge  of  physiology  necessary  to  a  proper 
understanding  of  these  rules  f 

391.  What  division  of  topics  should  be  made  in  the  subject  of 
hy^ene  ?  What  points  in  the  hygiene  of  digestion  have  been  before 
noticed  1  What  is  said  in  regard  to  the  amount  of  food  needed  by  the 
body  1     How  can  we  know  what  this  amount  is  1 

392.  What  errors  are  committed  in  regard  to  quantity  of  food  ?  From 
what  causes  is  too  little  food  sometimes  taken  1  What  is  said  of  the 
intervals  between  our  meals  ? 

893.  What  is  said  of  eating  regularly  1  What  of  the  different  kinds 
of  food !    What  of  fruits  ?     What  influence  has  the  mind  on  digestion  1 

894.  ^  What  is  the  general  statement  in  ^  625  in  regard  to  the  hygiene 
of  respiration  1  In  what  two  ways  is  the  free  access  of  the  air  to  the 
lunffs  interfered  with  1  What  general  rule  is  given  as  to  dress  in  re- 
l^urd  to  the  chest  1  In  what  ways  does  compression  of  the  chest  occa- 
sion disease  t 

896.     Why  ordinarily  is  the  influence  of  defective  aeration  (or  airing) 
of  the  blood  not  appreciated  1 
896.  What  influence  has  muscular  exercise  on  the  development  of 


lb*  DRBiu  of  the  bodj  !     How  ii  it  ■  pnmratiTe  againat  iiatmao  1 
What  II  sajd  of  violent  exBicite  !     What  i*  the  change  gcong  on  om- 


What  organ!  effect  thia  diachaige  f    Hon  modk  matter  Li  diacharged 
from  the  ikinl 

396.  Bow  ia  the  animal  heat  produced  1  How  doea  exerciae  iucraaae 
it1  What  influence  haa  the  quality  or  the  blood  upon  it!  What  ia 
eaaential  to  a  comftiitable  trmperaturB  of  the  body  !  When  one  ia  too 
much  heated  how  ia  the  extra  heat  diipoaed  oil  What  ia  the  object  in 
coiering  the  body  with  clothing  and  in  surrounding  it  with  bealHl  ail  t 
What  ia  aaid  of  cold  ai  a  cauae  of  disease  ! 

399.  What  are  our  means  of  guarding  against  cold?  How  should 
we  regulate  the  amount  of  clothing  I  What  it  aaid  of  guarding  againal 
cold  when  the  body  ia  in  a  state  of  rest ! 

400.  What  is  said  of  warming  houaes  1  Why  ia  the  influence  of 
cold  in  producing  disease  commonly  ao  little  appreciated  T     Under  what 

401.  What  rules  should"  be  observed  in  the  nae  of  cold  bathingT 
What  an  the  best  times  lor  using  it  1  What  occaaiona  the  wear  and 
tear  of  the  syaleoil 

403.  When  is  most  of  the  lepaiiing  of  the  ayatem  done  }  What  ia 
said  of  the  relation  of  exercise  to  health!  What  effect  haa  it  on  the 
musclfs  themselies  1  What  on  the  other  teituree?  How  doea  it  pre- 
vent defonnily ! 

403.  What  are  the  two  cauaea  of  the  common  deformity  of  theapine? 
Explain  their  action.  Why  ia  this  defbrmit<r  found  so  much  more 
often  in  females  than  in  maiea  !  How  much  mfluence  has  poature  in 
producing  it  1 

404.  What  especially  debiliutea  the  musclea  of  the  back  in  the 
female!     Illuitrate  the  neceaaity  of  having   exercise  Taried — also  of 

.having  it  general.     What  ia  said  of  gymnastics  and  caliathenica  ! 

405.  What  ia  aaid  of  having  the  exercise  habituall  How  does  too 
mneh  eieicise  do  harm  1  What  is  said  of  haTing  the  exercise  agree- 
able I     What  is  said  of  the  hygiene  of  the  senses  f 

406.  What  is  said  of  the  necessity  of  aeaaons  of  real  for  the  brwn  ! 
What  significant  fact  in  regard  to  insanity  shows  this  1  What  is  aaid 
of  the  conditions  under  which  the  mind  can  perform  much  labor  without 
harm!  What  ia  aaid  of  of  erworking  the  brain  during  its  growth! 
What  of  the  manner  in  which  the  child's  mind  is  ordinarily  exercised  * 

407.  What  two  mental  causes  acting  together  injure  the  health  and 
■ometimei  produce  insanity  1  What  influence  has  the  regulation  of  the 
paaiiona  on  the  health  !  On  what  ^rtions  of  the  system  do  alcohol 
and  tobacco  chiefly  act !     What  is  aaid  of  alcoholic  stimulants  1 

408.  Show  how  tobacco  may  act  indirectly  aa  a  atimulant.  What 
are  its  effects  on  the  svateml  To  what  class  of  peraons  is  it  especially 
injurious  !     What  ia  the  evidence  in  legard  to  tbe  influence  of  tea  and 

from  fitlh  a*  producing  diaeaael 
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praducad  by  any  oim  of  these  causes  alone !    What  is  said  of  our  oon- 
tiol  over  these  causes  t 

410.  What  oUier  causes  of  disease  are  there  t  To  what  extent  do 
they  act  compared  with  those  mentioned  in  4  674 1  How  mar  we  often 
escape  their  influence  t  What  is  said  of  the  comparative  Tatoe  of  pre- 
ventive and  curative  measures  1  Illustrate  the  prevalent  error  on  this 
point  by  reference  to  consumption.  From  what  does  the  common 
neglect  of  preventive  measures  arise,  and  how  can  this  be  obviated! 


INDEX. 


(The  aiimb«n  refer  to  the  pagei.) 


Aberration,  spherical 296 

chromatic 297 

avoided  in  the  eye 297 

Absorption 3 

by  lacteals 58 

by  lymphatics 117 

by  veins 118 

by  cells 128 

Abscess,  concert  of  action  in . .  1 15 
Aeration  of  the  Blood,   how 

done 86,  102 

how  interfered  with 394 

Agassis,  his  doctrine  of  the 
multiple  origin  of  the  hu- 
man race 369 

Air,  composition  of  and  changes 

in  it  by  respiration 101 

agency  of  plants  in  keeping 

it  pure 104 

necessity  of  a  good  supply  of 

it  to  health... 394 

Air-cells  of  the  lungs 86 

importance  of  their  function .  94 
harm  done  in  compressing 

them 95 

Air-sacs  in  birds 100 

Alcoholic  Stimulants,  their  in- 
fluence on   health 407 

Alimentary  Canal,  meaning  of 

the  term 15 

of  different  lengths  in  differ- 
ent animals 60 

Allantois 136 

Aneurism 65,  69 

Animals,  dbtinctions  between 

them  and  plants 21 

intoUigence  of. 357 

their  associations  of  ideas..  .358 
their  mode  of  learning  relar 
tion  of  cause  and  dfect. .  .359 


Animal  Magnetism 327 

Aorta 66 

valves  of. 76 

Arm,  bones  of. 192 

Arteries,  why  so  called. 72 

why  made  strong 66 

situation  of. 67 

how  to  stop  their  bleeding. . .  69 

Articulation  of  the  voice 259 

Arytenoid  Cartilages 249 

Assimilation 15 

Balancing,  action  of  muscles  in. 217 
Bathing,    how   it    should    be 

practised 401 

Baya's  nest 350 

Beaver,  habits  of 360 

Beauty,  regard  to  in  the  ar- 
rangement of  the  muscles.  197, 

207,  214 

Birds,  respiration  of. 100 

spinal  column  of 188 

vocal  apparatus  of. 259 

Blood,  its  changes 72 

its  course 73 

variety    of   textures    made 

from  it 110 

cells  in  it 125,  127 

life  in 383 

Bones,  composition  of 37 

uses  of. 170 

insensibility  of. 173 

very  sensible  when  inflamed.  155 

marrow  in 171 

various  shapes  of. ........ .  173 

of  the  head 175 

of  the  nose 180 

of  the  leg 194 

of  the  foot 195 

Bony  socket  of  the  eye 179 
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Brain 144-146 

how  guarded  from  Tiolence. .  178 

organ  of  the  mind 319 

its  situation  and  connections  320 
size  of  as  measure  of  the 

intellect 336 

its  development    influenced 

by  mental  activity 372 

hygiene  of. 406 

Breast  Bdhe 88 

Buccinator  Muscle 229 

Calisthenics ••• 404 

Capillaries 66 

their  agency  in  keeping  up 

the  circulation 70 

Carnivorous  Animals.  .^ ...  .43,  60 
Carbonic  Acid  Gas,  thrown  off 

from  the  lungs 101 

where   formed 102 

quantity    of   it    discharged 

from  the  lungs.. 103 

absorbed  by  plants 104 

Cartilage 37 

Cartilages  joining  the  ribs  to 

the  breast  bone 88 

between  the  vertebrc 185 

Camera  Obscura 293 

Carpus. 192 

Cataract 295 

Causes,  evidence  that  new  ones 
have  been  introduced  since 

the  original  creation 376 

Cells,  the  true  formative  ves- 
sels  123 

their  shape 124 

seen  both  in  fluids  and  solids .  124 

their  contents 125 

their  selecting  power 125 

their  operation  incomprehen- 
sible  126,137 

some  make  other  cells 126 

two  kinds  in  the  blood 127 

cells  perform  absorption 128 

and  secretion 129 

fibres  of  muscles  made  up  of 

cells 130 

cells  make  teeth,  nails,  dec.  .131 

how  they  make  nerves 132 

cells  in  the  gray  substance 
of  thebiain • 132 


all  living    things  built   by 

cells 182,136 

operation  of  cells  in  the  egg 

during  incubation 133 

Cellular  tissue,  structure  of . . . .  38 

Cementum 181 

Cerebellum,  functions  of. ...  •  ,332 
Change,  constant  in  the  system.  121 
Chemical  laws  controlled   by 

vital 383 

Chest,  framework  of 88 

compression  of 95,  894 

Chin,  possessed  only  by  man. .  30 

Choroid  coat  of  the  eye 296 

Chyle 68 

Chyme 51 

Cihary  processes 292 

Circulation,  ita  apparatus 64 

double 73 

affected  by  emotions  of  the 

mind 239 

hygiene  of. 395 

Climate,  influence  of  in  causing 
the  varieties  of  the  race. .  .371 

Cochlea 281 

Coffee,  influence  of  on  health.  .408 
Cold,  depressing  influence  of.  .398 

sometimes  a  stimulant 400 

Cold-blooded  animals 106 

Collar  bone 88,  190 

Concert  of  action  in  formative 

and  other  vessels. . .  .110-116 
Conscience,  not  possessed  by 

animals 27,  360 

Consciousness,    its    evidence 

against  materialism. ....  .344 

Consonants,  incorrectness    of 
the  common  definition. . .  .264 

nasal  reverberation  the  pecu- 
liarity of  some  of  them. .  .262 

Convolutions  of  the  brain 145 

Convulsions 165 

Coracoid  process.  ....••• 190 

Coronary  arteries. 80 

Comigator  supercilii 228 

Cranium,  bones  of. 175 

Creator,  belief  in  and  knowl- 
edge of  result  of  the  power 
of  abstract  reasoning.  ^ .  .360 

Cricoid  CarUlage ,, .  .249 

Ciystalline  lens 295 
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Ctttide 119  !     on  the  heat  of  the  bod^ 398 

made  up  of  cella 130   Experience,  no  traDsmiaaion  of 

I         it  in  animals  as  in  man. . .  .363 
Daisy 18  Expiration,  mode  of  perform- 


Deaf  and  Dumb 223 

why  they  are  dumb 267 

teaching  them  to  talk 268 

Death ^7 

Deformity,  how  produced 402 

Deglutition 47 

Dentals 261 

Dentine 181 

Diaphragm 89 

Digastric  muscle 206 

Digestion 42 

hygiene  of 53,  391 

Disease,  summary  of  its  causes .  409 

^prevention  of. 410 

Distinct  vision,  point  of 312 

Dog,  his  muscles  of  expression. 237 

sagacity  of. 358 

Dome,  principles  of  seen  in  the 

cranium 177 

Domestication,  influence  of. . .  .371 

Drowning  explained 97 

explanation  of  jtome  cases  of 
restoration 109 

Ear,  its  shape 275 

its  bones 276 

its  winding  passages 277 

Effg,  section  ot. 134 

now  cells  develop  the  bird ...  135 

Electricity  not  nerve  force 160 

Elementary  substances  in  ani- 
mals and  vegetables 20 

Elbow  joint 194 

Emphasis  some  of  the  princi- 
ples of 269 

Enamel,  structure  of 131,  182 

Epiglottis 48,  216,  256 

Erect  posture  of  man 30 

Ethiopian  variety  of  the  race  ; 
evidence  of  its  existence 

in  early  ages 374 

Excretion,  by  what  organs  per- 
formed      118 

Exercise,  influence  of  on  diges- 
tion      54 

on  the  circulation 395 

on   the  development  of  the 
body 396 


mg. 90 

Expression,   nerve  of  in  the 

face  paralyzed 157 

Expression  efiected  by  muscles .  222 
its  principal  muscles  in  man. 224 

in  animals .....236 

Eye,  optical  instrument 287 

nerves  of. 158 

muscles  of 208 

in  itself  inexpressive. ..... .226 

its  parts 290-292 

how  it  accommodates  itself 
to  objects  at  diflerent  dis- 
tances  298 

its  defences 315 

Eye-brow,  its  agency  in  expres- 
sion  225,  228 

Face,  muscles  of 202,  228 

its  capabilities  in  expression .  239 

training  of  its  muscles 240 

state  of  its  muscles    a/ler 

death 242 

Facial  angle 336 

Far-sightedness 299 

Fat,  uses  of 40 

Fear,  action  of  muscles  of  face 

in 235 

Fibrillc  muscular 130,  196 

Fingers,  arrangement  of  ten- 
don^ in A 215 

Fishes,  respiration  of. 98 

spinal  column  in 189 

Food,  quantity  needed 391 

regularity  in  taking 393 

Foot,  bones  of. 195 

Fordyce,  his  experiments  on 

heat 107 

Formation  and  repair,  by  what 

done 109 

hygiene  of. 396,  401 

Formative    vessels,    selecting 

power  of. 110 

their  concert  of  action  illus- 
trated iu  various  ways.  1  lO-l  16 

are  really  cells 123 

Frog,  changes  from  the  tadpole 
state 112 
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ocUf  seen  in  the  circulation 

in  web  of  the  foot 184 

Frontal  linaa < 179 

different  aizea  of 335 

Functiona,     diatinctiona     be- 
tween nutritive  and  animal .  36 

Gangliona 149 

Gastric  juice 50 

Gi^ia,  truly  lunga 98 

Gizzard,  in  birda 62 

Grace,   in   the  action   of  the 

niuaclea 242,  366 

Gradationa,  doctrine  of 32 

Graashopper,  respiration  in ... .  99 
Gray  aubstancc  of  brain. . .  132,  147 

amount   of  compared  with 
the  white  substance 3:13 

dependence  of  mind  on 334 

Gymnaatica 404 

Hand,  really  posaeased  only  by 

man 29 

variety  of  its  motions. ...... .218 

Harvey,  diacoverer  of  the  cir- 
culation     72 

Head,  bones  of 175 

Hearing,  apparatus  of 274 

nerves  of 282 

organ  of  in  fishes.. 284 

in  birds 285 

Heart,   a   forcing  and  suction 

pump 65 

ita  action  illustrated. 69 

double..! ;....   73 

valves  in 74 

its  auricles  and  ventricles . .  74-79 

front  view  of. 80 

map  of. 81 

situation  of 82 

sounds  of. 83 

its  sac 84 
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insensibility  of  to  touch 156 

Heat  of  the  body,  how  main- 
tained  104,397 

where  made 105 

aources  of  the  fuel  for  it 105 

on  what  ita  amount  depends.  106 

effect  of  exercise  on  it 106 

degrees  of  heat  in  the  air 
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ita  uniformity  in  man.  • .  107,' 898 
Herbivorous  animals ...... .43,  60 

Hibernation 108 

Hoaraeneas,  cauae  of. 256 

Honeycomb,  the  perfection  of 

it  as  a  structure 351 

Human  race,  varieties  of. 367 

Humerua 190 

Hunger,  cause  of  and  aeat. ...  54 
Hydra 23,  26 

cells  in 125 

Hygiene,  how  its  principles  are 

learned .390 

Hyoid  bone 183,  848 

Ilium 176 

Images  on  retina,  inverted. . .  .293 
why  the  mind  acea  them  erect.|p9 
rapidity  of  their  aucceasion.  .314 

minuteness  of 318 

Immortality  of  man, 28 
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the  organization 320 
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producing  it 406 
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reason 348 
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Iris 294 
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Jaw,  lower 181 
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*•*  It  Will  be  noUoBd  that  ouMt  of  these  works  were  written  by  TeBehera  of  ti 
-{theet  eminenee. 


£lf.ment8  of  Astronomy  ;  with  explanatory  Notes  and  ele- 

{ant  lUttstrations.    By  John  Brocklesby,  A.  M.,  Professor  In  Trinity  College 

FVom  the  Conneetieui  Common  School  Journal, 

We  take  pleasure  in  eallins  the  attention  of  teachers  and  students  to  this  tmly  ex 
SAllent  book.  It  is  not  a  milk-and-water  compilation,  without  principles  and  with 
#nt  demonstration.  It  contains  the  elements  of  the  scitnet  in  their  proper  integrity 
«nd  proportions.  Its  author  is  a  learned  man  and  a  practical  instructor,  as  the 
tuthor  of  erery  school-book  should  be.  The  style  is  a  model  (br  a  text-book,  com 
#ining  in  a  high  degree  perspicuity,  precision,  and  vivacity.  In  a  word,  it  is  the  very 
lent  elemenury  work  on  Astronomy  with  which  we  are  acquainted. 

This  notice  is  echoed  by  a  largt  number  of  academies,  who  are  promptly  Intro 
tucing  the  book. 

Rlements  of  Meteorology  ;  designed  for  Schools  and  Ac- 
ademies. By  John  Brocklesby,  A.  M.,  Professor  of  Mathematica  and  Natural 
Philosophy  in  Trinity  College,  Hartford     84  cents. 

The  subject  of  Meteorology  is  of  the  deepest  interMt  to  all.    Its  phenomena  everv 
wuere  surround  ns,  and  ought  to  be  as  (kroillarly  known  to  the  scholar  as  his  arith- 
netic  or  philosophy.    This  work  treats  of  Winds  in  general,  Hurricanes,  Tornadoea, 
Wa'er-snouts,  Rain,  Fogs,  Clouds,  Dew,  Snow,  Hail,  Thunder-storms,  Rainbows, 
Haloes,  Meteorites,  Northern  Lights,  Ac. 

it  has  proved  highly  satisfactory  in  the  scho<d-room,  and  is  now  the  establiohed 
lest -book  in  a  very  large  number  of  our  best  high  schools  and  aeademiea,  where  tin 
natural  reiences  are  uught. 

It  is  highly  commended  by  Prof.  Olmnted,  Prof.  SUllman,  Dr.  J.  L 
Fruf  Lee.  of  Pa.,  Prof.  Love,  of  Mo.,  and  a  host  of  omiBtBt  Instructor*. 


2  Pratt,  OakUy  ^  Co*»  Publieatiom, 

Views  of  the  Microscopic  World  ;  designed  for  General 

Reading,  and  as  a  Hand-book  for  Ci&ssea  in  Natural  Sciences.    By  Prof  Broddea- 
by     $1  IS. 

By  the  aid  of  a  powerful  microaM>pe,  the  author  has  f  iren  us  highly  li  stmetiTa 
accounts  of  InAisorial  Animalcules,  Fossil  InfVisoria,  Minute  Aquatic  Animals, 
Straoture  of  Wood  and  Herbs.  Crvstalllaatfejn,  Parts  of  Insects,  &e.,  Ae. 

To  those  who  are  necessarily  deprived  of  the  aid  of  a  mieroseope,  and  OTen  !• 
thOM  who  hare  iu  this  is  a  most  ratuable  worlc.    It  is  clearly  and  pleasantly  writ  tea. 


Ihe  sections  on  the  Animalcules.  InfUsoria,  and  Crystaliizatlon,  are  rery  beaatifhlly 
ilustrated  wilh  large  and  expensive  plates.  The  descriptions  of  the  diSbrent  Undt 
el  these  wonderful  little  animals,  many  of  which  multiply  by  billions  in  a  few  houra 
are  really  very  Instructive.  There  is  no  better  scho«A  library  book  in  the  world.  K 
should  be  read  by  every  man,  woman  and  child. 

[luMAN  Physiology;  designed  for  Colleges  and  the  Higher 

L'lasMjs  in  Schools,  and  for  General  ResdiiiK.    By  Worthlngton  Hooker,  M.  D 
Prufessor  of  the  Theory  and  Practice  of  Medicine  in  Yale  College.    Illustrated  vT.tli 
nearly  200  engravings.    $126. 

This  in  an  original  work,  and  not  a  compilation.  It  presents  the  subject  in  a  nem 
Ught,  and  at  the  same  time  embraces  all  thai  is  valuable  for  Its  purpose  that  eoold  bo 
drawn  fn>m  the  most  eminent  sources.  The  highest  encomiums  are  reeelved  flroin 
all  quarters ;  a  lew  are  subjoined. 

From  Caleb  J.  Uallowbll,  Altxandria  High  School^  Va, 

Hooker's  Physiology  was  duly  received.  We  propose  to  adopt  it  as  a  tezi  book, 
and  shall  order  in  the  course  of  a  fortnight. 

From  the  Botton  Medical  and  Surgical  Journal. 

We  can  truly  say  that  we  believe  this  volume  is  of  great  value,  and  we  hope  thai 
lbs  rare  merits  of  the  diligent  author  will  be  both  appreciated  and  patronised. 

From  B.  F.  Tbwksbubt,  LenoxviUtj  Pa. 

I  am  ready  to  pronounce  it  unqualifiedly  the  most  admirable  book  or  work  on  llw 
human  system  that  has  fallen  under  my  notice,  and  they  have  not  been  fbw.  If  any 
one  desires  a  complete  and  thorough  elucidation  of  the  great  science  discussed,  they 
ean  nowhere  be  lietter  satisfied  than  iu  the  perusal  of  Dr.  Hooker's  most  exeelient 
work. 

An  Introductory  Work  on  Human  Physiology,  by  Prof. 

Hooker,  has  Just  been  published,  designed  for  all  pcroons  commencing  the  study 
Dr.  Hooker's  works  seem  to  have  ukcn  their  place  'decidedly  at  the  head  of  all 
treatises  on  the  subject  of  Physiology.    They  ara  rapidly  going  into  seminaries  and 
normal  schools  in  all  parts  of  the  country,  and  the  best  institutions  express  their 
*'  delight  at  the  result.**    60  cents. 

V  Comparative  Knglish-German  Grammar;  based  on  the 

afllnity  of  the  two  lansuasc.t.     Dy  Prof.  Eliaa  Peiasncr,  late  of  the  Univoraity  o* 
Munich,  now  of  Union  College.  Schenectady.  ^1.00 

From  the  Xetc  York  Churrkmnn. 

(*r  all  the  Gorman  Grammars  we  have  over  examined,  this  is  the  most  modest  and 
ir.preiending,  and  yet  it  contains  a  Nyntem  and  a  principle  which  is  the  lifb  of  It,  as 
Jcnr.  ns  pmrticat,  as  rffrctive  for  teaming  grammar  as  any  ihint  we  have  ever  seen 
ju-  forth,  witli  so  much  more  pretense  of  originality  and'  show  of  philosophy.  It 
vill  \w  round,  too.  we  thinlc.  that  the  author  his  not  only  preswniud  a  new  idea  ol 
nui-n  iiiteroMt  in  itself,  but  has  admirably  carried  it  out  in  the  practical  lessons  and 
•vrrciNeM  of  his  work. 

From  Paor  i.Yo%r^^^  of  Schenectady. 

I  have  examineil  Pnif.  Peissncr*s  German  Grammar  with  some  attention,  hart 
marked  with  interest  the  rapid  advancement  of  Htndcnts  here  usin?  it  as  a  texl-book. 
and  have  invMeircurefViily  tented  it  in  the  inntniction  of  a  daughter  eleven  years  c. 
■ge.  The  result  is  a  conviction  that  it  is  most  admirably  adapted  to  secure  easv. 
yloaNniit,  ind  mi/  progresa,  and  that  from  no  other  work  which  has  come  under  ik) 
not  ire  ean  so  satisfhctory  a  knowledge  of  the  language  be  obtained  in  a  i^i  /en  linis 


